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ABSTRACT 
Overfeeding ruminants with readily fermentable carbohydrates alters the normal 
balance of microbes in the rumen compartment causing changes in the fermentation pattern 
and rumen function. The resulting increase in the molar concentrations of ruminai lactate 
and/or volatile fatty acids (VFAs), and a decrease in ruminai pH may lead animals to 
experience acute or subacute acidosis. The objective of this study was to test the hypothesis 
that lactic acid accumulation can be inhibited by inoculating the rumen with volatile acid-
producing bacteria that would compete with lactic acid-producing bacteria for substrate 
(starch). 
We used strain 25A of Prevotella bryantii that had been selected as a rapid starch 
fermenter from a mixed rumen population as a rumen inoculum for in vitro or in vivo ruminai 
fermentations. In studies conducted in vitro; strain 25A reduced the accumulation of lactate 
by 90% when added to mixed rumen fermentations that contained excess soluble 
carbohydrates, and cultures had greater amounts of succinate and propionate compared with 
the controls. Morphological, biochemical and genetic analysis (sequencing of the 16S rRNA 
gene) indicated that strain 25A is related to Prevotella bryantii. Amylolytic strain 25A 
showed an ability to reduce ruminai lactate accumulation (85%) in goats in a model of acute 
acidosis, and was able to drive starch fermentation to VF As and away from lactate 
accumulation. When the ability of this bacterium to prevent lactate accumulation was tested 
in lactating cows, ruminai pH was favourable (above 6) and lactate accumulation was 
reduced, but significant changes in ruminai VFA profile and animal milk yields were not 
observed. 
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CHAPTER 1. 
GENERAL INTRODUCTION 
Lactic acidosis occurs when ruminants are overfed on, or abruptly changed to, diets 
that are high in rapidly fermentable carbohydrates. A rapid carbohydrate fermentation will 
also favor a lower rumen pH, leading to proliferation of lactate-producing bacteria. These 
combined factors may perturb normal ruminai microbiota, thereby endangering animal 
health. Lactate-producing amylolytic bacteria and lactate-utilizing bacteria grown together on 
starch represent a food chain where a product of digestion of one species serves as a nutrient 
for another species. Prevention of rumen acidosis by some rumen microbes utilizing lactic 
acid has been studied in the past to control but not to prevent illness. However, the 
possibility of using a non-lactic acid utilizing strain of amylolytic bacteria to prevent lactate 
accumulation in ruminai fermentations is not well documented. 
In this study, bacterial strains fermenting starch without lactate accumulation were 
selected based on a capacity to drive starch fermentation to volatile fatty acids (VFAs). Once 
strains were selected, the microbes can be identified using phylogenetic analysis along with 
physiological and biochemical characterization. We also conducted animal challenges using 
an acute acidosis model. Goats will be overfed with soluble starch and inoculated with this 
strain for an in vivo study to alter rumen fermentation and direct starch fermentation away 
from lactate accumulation in favor of acetate and propionate production. We also tested a 
strain in dairy cattle by monitoring ruminai pH and lactate production. 
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Dissertation Organization 
This dissertation has five chapters. Chapters 2 to 4 are three independent manuscripts. 
Chapter 1 contains a general introduction, dissertation organization, and literature review. 
Chapter 2 discusses the isolation and characterization of the amylolytic strain 25A and its 
role in preventing in vitro lactate accumulation in ruminai fermentations. Chapter 3 reports 
on the study of Prevotella bryantii 25A as a rumen inoculum for goats that were overfed with 
soluble starch. The last manuscript. Chapter 4, presents results about the effect of the 
inoculation of Prevotella bryantii 25A in lactating cows with an emphasis on changes in 
ruminai pH, lactate accumulation and the dynamics of volatile fatty acid production. Chapter 
5 includes a general conclusion and recommendations for future research. 
Literature Review 
The ruminant 
Ruminant animals are a division in the order Artiodactyla (even-toed) and the 
suborder Ruminantia. Some ungulates (hooved mammals) have four-chambered stomachs. 
Molecular evidence based on the rate of evolution of mitochondrial DNA sequences has 
indicated that cetaceans are intimately related to artiodactyls, and a new order has been 
proposed, Cetartiodactyla (39). Cows (Bovidae) like other ruminant animals, have a special 
compartment called a rumen. The word, ruminant, comes from the Latin word, ruminare. 
which means to chew what has already been slightly chewed and swallowed (17, 53, 103). 
The rumen maintains an environment conducive to anaerobic microbial fermentation. 
Microbial populations in the rumen utilize the most abundant carbohydrate source on the 
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planet, cellulose, as an energy source. This biopolymer is degraded by a complex microbial 
community of bacteria, protozoa and fungi into volatile fatty acids (VFA's) which are either 
absorbed from the rumen itself or flow out for further digestion and absorption downstream. 
Cellulose versus starch degradation 
Ruminants evolved to consume and subsist on roughage - grasses and shrubs 
composed predominantly of cellulose. Mankind has artificially adapted these animals to feed 
on more readily fermentable carbohydrates. Today starch (grains) is an abundant energy 
source for ruminant farm animals (cattle, sheep, goats) especially in developed countries, but 
ruminai fermentation of cereal grains differs profoundly from that of forage materials (5, 
114). Starch fermentation elevates ruminai concentrations of VFA's and reduces ruminai pH, 
sometimes below 6. If the pH of the rumen content remains below 6, cellulose degraders are 
stressed as they attempt to maintain a constant intracellular pH, a response which causes an 
excessive accumulation of intracellular VFA anions (Fig. 1.1) (90, 93). VFA's accumulation 
and toxicity decrease bacterial growth rates and reduce cellulose degradation (86, 87). 
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FIG. 1.1. The effect of a pH gradient across the cell membrane ( ApH ) on the accumulation 
of VFA anions (XCOO*). P, = Inorganic P. Adapted from Russell et al. (93). 
Rumen acidosis and the balance between starch-utilizing and lactate-producing 
bacteria 
The introduction of abundant starch into the diet not only selectively reduces 
microbes that specialize in cellulose degradation such as Fibrobacter succinogenes and 
ruminococci, but it also favors growth of Gram-negative starch-utilizing bacteria and 
protozoa that will produce an altered VFA profile in the rumen (93, 109, 110). While 
microbial cellulose fermentation results mainly in acetate production, a high-grain diet results 
mainly in propionate production by starch-utilizing microbes (2, 59, 60, 72). Propionate is 
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considered the major glucogenic source for the liver and increasing its production is a major 
goal of high production. 
The Gram-negative microbes Ruminobacter amylophilus, Succinomonas amylolytica, 
Selenomonas ruminantium, Prevotella sp., and Butyrivibrio fibrisolvens, and the Gram-
positive bacterium Streptococcus bovis, are the main starch-utilizing bacteria that became 
abundant when ruminants ingest large amounts of rapidly fermented cereal grains (38, 51, 55, 
56, 60). If the end products of fermentation exceed the ability of the animal to remove or 
neutralize them, ruminai pH decreases giving 5. bovis a selective advantage. 5. bovis is a 
lactic acid-producing bacterium and its activity contributes to lactate accumulation and to a 
decrease in the pH of the rumen (77,79). 
Russell and Hino (91) studied S. bovis in continuous culture at pH 6.7 at a dilution 
rate of 0.1 h"1. Little lactate was formed, and formate, acetate, and ethanol accounted for most 
of the fermentation products. However, when the extracellular pH was decreased to 4.7, the 
intracellular pH of 5. bovis declined to 5.4, and this bacterium switched to lactate production. 
A low extracellular pH also increased intracellular fructose-1,6-diphosphate (FDP) 
concentrations. These authors proposed that at slow growth rates, intracellular fructose-1,6-
diphosphate concentrations are low, and lactate dehydrogenase (LDH) is not activated, and 
therefore little lactate is produced. However, when intracellular pH declines, the maximum 
velocity of the LDH, and lactate production spiral ever higher. 
Lactate fermentation disrupts the balance between VFA producing starch-utilizing 
microorganisms and lactate-producing bacteria such as S. bovis and Lactobacilli (60,61). As 
ruminai pH declines further, the growth rate of 5. bovis increases relative to other bacteria. 
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and a new environment is created for the Iactobacilli. Both Gram-positive bacteria continue 
to increase ruminai lactate production which perturbs the normal microbial environment and 
impairs animal health. This imbalance between starch-utilizing microbes and lactate-
producing bacteria can predispose cows to chronic or acute acidosis. A high incidence of 
acidosis is associated with feedlot cattle that are switched from a forage-based ration to high-
concentrate or grain-based rations (26). 
In acute acidosis, ruminai acidity and osmolality increase markedly as acids 
accumulate; these can damage the ruminai intestinal wall, decrease blood pH, and cause other 
effects that can prove fatal. Laminitis, poliencephalomalacia, and liver abscesses often 
accompany acidosis (42,48, 79, 98). Subacute acidosis occurs more frequently, and animals 
can experience prolonged periods of low pH (below 5.5) even while this condition is 
undetectable in farm conditions. Animals suffering subacute acidosis have a decrease in dry 
matter intake with an accompanying reduction in growth and milk production (27, 37, 77, 
81). 
Microbial methods to prevent rumen acidosis 
The growing concern over the use of antibiotics as growth promoters and the 
development of resistant populations of bacteria has produced a climate in which both 
consumers and manufacturers are looking for production alternatives (35). The use of 
microbial inoculants, or so-called "probiotics" in man and animals, has showed positive 
effects on animal health in in vitro and animal studies (78). Live microbes from many 
different genera and (or) their metabolites are being currently used as feed additives to 
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improve the efficiency of production in ruminants (I, 23, 25, 28, 29, 52). Since aspects of 
microbial feed additives in man and animals have been widely reviewed (35, 78), this 
document will only address those that have been tested as a potential treatment for preventing 
rumen acidosis. 
Bacterial-fed additives. Early research done by Allison et al. (5) with microbial-
based inoculants in ruminants involved intraruminal inoculation with ruminai contents from 
an animal already adapted to a high grain ration. These authors hypothesized that a change in 
the ruminai microbial population would influence tolerance and adaptation to a new ration. 
The animals inoculated with grain adapted rumen contents did not show symptoms typical of 
acidosis, their ruminai pH didn't drop below 5.5 and ruminai lactate did not rise above 3 mM 
during the four days of grain overfeeding. Increased ruminai molar concentrations of valerate 
and butyrate were observed in treated animals suggesting the presence of Megasphaera 
elsdenii-like organisms (formerly, Peptostreptococcus elsdenii). 
Later research by Huber et al. (49) identified large populations of the lactate-utilizing 
bacteria, Megasphaera elsdenii, Peptococcus asacharolyticus and Selenomonas ruminantium 
in the ruminai fluid of a steer adapted from hay feeding to a high-grain diet. Mackie et al. 
(61) reported changes in the numbers and types of lactate-producing and lactate-utilizing 
bacteria in the rumen of sheep during stepwise adaptation to a high-concentrate diet. A rise in 
number of amylolytic bacteria was always preceded by an increase in the numbers of lactate-
utilizing bacteria. On the final diet containing 71% grain and molasses, the two groups of 
microbes tended to be equal in cell numbers. These studies and those detailing the capacity of 
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M. elsdenii (21, 22, 33), motivated researchers to test direct-fed microbial of lactate using 
bacteria as a preventative for acute acidosis. 
There have been no studies reporting positive effects of feeding M. elsdenii to 
lactating dairy cows, although the addition of M. elsdenii 407A prevented acute acidosis and 
enhanced feed intake in steers (82). High numbers of bacteria (3 to 5 x 1012 CFUs/ml) 
dispensed in consecutive doses (three days in a row) did not restore ruminai pH, and ruminai 
lactate accumulated (9.0 mM). Ruminai molar concentrations of lactate between 5 to 10 mM 
and ruminai pH between 5.0 and 5.5 are commonly associated with subacute acidosis (27,77, 
81). 
Kung and Hession (58) reported that during a challenge with highly fermentable 
carbohydrates, intraruminal addition of M. elsdenii B159 prevented accumulation of lactate in 
in vitro ruminai fermentations. With the addition of 8.7 x 10* CFUs/ml of this bacterium, the 
authors found that lactate was never greater than 2 mM throughout the duration of the 
experiment. 
Another class of bacteria that has shown potential in preventing lactate accumulation 
in ruminants is Selenomonas ruminantium subsp. lactilytica. This bacterium (strain JDB201) 
was beneficial when inoculated into the rumen of grain-fed sheep (114). When grain 
overfeeding was preceded by the inoculation of the rumen with 10* CPUs of S. ruminantium 
lactilytica, ruminai lactate was undetectable and ruminai pH became stabilized at 6.3 to 6.5 
for up to 24h. The last reported lactate-utilizing microbe that has been experimentally tested 
to prevent rumen acidosis is Propionibacteria (strain P-63, 10* CFU/head/day) (57). 
Propionibacteria combined with Lactobacillus acidophilus (strain 5345, 10s CFU/head/day) 
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has been used in a commercial product that claimed to produce superior feed efficiencies 
during adaptation to a high concentrate diet during a 120-d feeding period in feedlot cattle 
(101). Although Propionibacteria metabolizes lactic acid, prevention of lactate accumulation 
during an acute lactic acidosis challenge was not reported in these studies (101). 
Fungal-fed additives. There are no reports describing reductions in lactate 
accumulation in cattle after dosing with fungal-based additives. Commercial Saccharomyces 
cerevisiae and Aspergillus oryzae (cultures or culture extracts) appear to be beneficial in 
ruminai fermentations, but their positive effect in feedlot cattle is still controversial (72). 
Increased numbers of total ruminai bacteria and cellulose degraders were found after fungal 
administration to dairy cows(25, 73-75). Extracts of A. oryzae appear to stimulate the uptake 
of lactate by the lactate-utilizing bacteria S. ruminantium (76) and M. elsdenii (106) by 
providing a source of malic acid. Although these findings are promising, new experimental 
data show no beneficial effect with direct malic acid supplementation or yeast dosing on 
ruminai and plasma lactic acid concentrations in cattle fed high-grain diets or during glucose-
induced lactic acidosis (7, 24, 71). Chaucheyras et al. (15) reported that S. cerevisiae would 
favor the activity of the lactate-utilizing bacterium Af. elsdenii to compete with the Iactate-
producer S. bovis thus preventing ruminai lactate accumulation. The authors did not present 
experimental evidence, but speculated that the yeast may provide nutrients (amino acids and 
vitamins) to Af. elsdenii. 
Advantages and disadvantages of using lactate-utilizing bacteria for preventing rumen 
acidosis 
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Experimentally, several species of lactate-utilizing bacteria have shown potential for 
preventing rumen acidosis (58, 82, 101, 114). Af. elsdenii has been the most utilized since it 
is considered to be the major lactate-utilizing organism in the rumen of adapted cattle fed 
high grain diets (5,60, 61). M. elsdenii (originally known as Peptostreptococcus elsdenii) is a 
Gram-negative, non-motile coccus that ferments glucose, fructose and lactate (22, 33, 63). 
This bacterium is found primarily in the rumen of young animals and in animals fed a diet 
containing high levels of cereal grain (5,38,47). Af. elsdenii is thought to be the predominant 
DL-lactate-utilizing species in the rumen and is capable of fermenting DL-lactate either to 
propionate via the acrylate pathway or to butyrate (Fig. 1.2). 
Lactyl-CoA 
Acrylyl-CoA 
Propionyl-CoA 
i f 
PropkMate-
Gh»co«e L-Lactate 
ATP I* 
Pyruvate , * D-Lactale 
LDH 
Acetyl-CoA 
ATP 
* Butyrate 
Acetate 
FIG. 1.2. Possible metabolic pathways from glucose, lactate, and acrylate to main VFA in 
Megasphaera elsdenii. Adapted from Hino and Kuroda (45). 
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The contribution of this bacterium to DL-lactate fermentation in the rumen of dairy 
cattle averages around 75% of the lactate produced (22). In addition to fermenting lactate, Af. 
elsdenii seems to play a major role in the production of branched-chain volatile fatty acids in 
the rumen (4, 100). The interest in Af. elsdenii as a direct-fed microbial for dairy cows is 
centered on this microbe's lack of catabolite repression for carbohydrates such as glucose, 
sucrose, and xylose. It is thought that the fermentation of DL-lactate may increase after diets 
rich in these substrates are fed (21, 88). 
Although Af. elsdenii has a competitive advantage due to its lack of catabolite 
repression, this Gram-negative cocci faces other major ecological challenges when animals 
are fed high-grain diets. Experimentally, the growth and activity of Af. elsdenii decreases as 
the extracellular pH drops (44, 89). Major DL-lactic acid fermentation by Af. elsdenii occurs 
at pH values above 6 (21). However, in cows fed high-grain diets, the rumen pH decreases to 
below 6 and an average 26% of the animals in a herd would have a rumen pH values below 
5.5. Similarly, low pH values would detrimentally affect the growth of acid-intolerant 
lactate-utilizing bacteria such as Af. elsdenii in the rumen. When Af. elsdenii was coculturcd 
(batch or continuous culture) on starch with 5. bovis, the major lactate-producer in the rumen, 
its growth was severely reduced during the initial period of incubation (44, 89). When culture 
pH remained above 5.7 little or no lactate was produced by 5. bovis, and equal numbers of 
both microbes were observed in culture. When pH dropped to below 5.5, cells numbers of Af. 
elsdenii decreased until no cells could be observed. 
Low pH would have negative effect on growth of Af. elsdenii, and upon its capacity to 
use alternative substrates such as glucose. Martin and Wani (63) found that PEP-dependent 
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phosphorylation activity in Af. elsdenii B159 remained fairly high between pH 6.5 and 8.0, 
but decreased 69% at pH 5.0. These results are consistent with the observation that Af. 
elsdenii B159 was unable to initiate growth below pH 5.9 on glucose in batch culture (92). 
Hino et al. (44) found that growth of Af. elsdenii decelerated during a shift from glucose to 
lactate, which might explain why growth of this lactate-utilizing organism is delayed when 
cocultured with the lactate-producer S. bovis. 
There is also concern about ruminai ammonia losses from amino acid deamination by 
rumen bacteria (8). Af. elsdenii can produce ammonia and branched-chain VFA's, but can 
only utilize a few amino acids, and its peptidase activity has been found deficient relative to 
other rumen microbes. Although Af. elsdenii cannot produce ammonia as fast as specialized 
amino acid-utilizing ruminai bacteria, the extent of this production is at least fourfold lower 
(95). 
The ruminai lactate-utilizing bacteria Selenomonas ruminantium subsp. lactilytica 
(114) and Propionibacteria have been suggested as potential direct-microbial additive 
(probiotic) to prevent lactate acidosis (58, 101). Since both microbes ferment glucose, xylose, 
sucrose, and mannose before fermenting DL-lactate, their practical application was never 
successful. Propionibacterium is a slow growing bacterium (43), and Selenomonas is an acid-
sensitive microbe. These characteristics make them unlikely for competing with the more 
acid-tolerant and fast-growing amylolytic bacteria of the rumen. 
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Pitfalls of the lactate utilizing theory 
A large amount of readily fermentable carbohydrates in the diet of cattle and sheep 
can lead to microbial changes in the rumens. Microbial changes will occur either after 
excessive intake of starch or sugar-containing diets, or after a gradual adaptation to a high-
concentrate diet (5, 38, 41, 49, 61, 105). As the fiber supply decreases in the diet and the 
ruminai pH falls below 6.0 because of an increasing intake of starch and other soluble 
saccharides, the growth rate of fibrolytic bacteria declines markedly and microbial succession 
in the rumen moves toward more specialized starch-utilizing bacteria. 
Ruminobacter, Eubacterium, Selenomonas, Butyrivibrio, Streptococcus and some 
strains of Prevotella are considered to be the most abundant amylolytic bacteria in the rumen 
of animals fed high-concentrate diets (16,100). Mackie and Gilchrist (61) claimed that as the 
predominant amylolytic species increase in numbers after gradual adaptation to high-
concentrate diets, a parallel ecological succession of lactate-utilizing bacterial species also 
occurs as a direct response to ruminai pH reduction and lactate accumulation. But during the 
same period, the numeric balance found between amylolytic bacteria and lactate-utilizing 
bacteria does not maintain a favorable ruminai pH. Ruminai pH, remained low (below 6.0) 
when grain and molasses were increased in the diet. Although lactate accumulation didn't 
decrease significantly during a stepwise adaptation to a high-grain diet used during the study, 
the authors speculated that the lactate-utilizers played a key role in controlling the lactate 
fermentation. An increase in the number of lactate-utilizing bacteria during adaptation to 
high-grain diets does not necessarily correlate with lactate fermentation. 
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Most lactate fermentation by rumen lactate utilizers, with the exception of Af. 
elsdenii, will undergo catabolite repression when soluble sugars are available. Af. elsdenii in 
vitro can simultaneously use lactate, glucose and fructose (88). Similar results were found 
with another lactate-utilizing bacteria, including Propionibacterium (43). It is also difficult to 
believe that a microbial balance between lactate-producing bacteria and lactate-utilizing 
microbes may occur in the rumen of Iactating cows when pH values can fall below 5.7. Many 
of the predominant lactate-utilizing bacteria in the rumen of cows are acid-sensitive and most 
of the studies have observed a ruminai pH near 6.0 (21, 22,61). 
In an effort to demonstrate that the "lactate utilization" hypothesis was inaccurate and 
incomplete, Rasmussen and Allison (unpublished data) measured lactate utilization rates 
from rumen contents of three dairy cows. These cows were gradually adapted to grain over a 
period of several weeks. During this adaptation period, ruminai content was collected via 
fistula and diluted 1:1 with an anaerobic buffer solution containing 15 mM lactate. The 
samples did showed no any significant differences in the rates of lactate utilization as the 
proportion of com was raised from 0 to 75% of the ration (Table 1). It was concluded that 
lactate production and utilization is not a predominant pathway in the grain-adapted rumen. 
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TABLE 1.1. Lactate utilization rates in rumen contents from different rations 
Ration Lactate Utilization 
Hay/Com Rate 
gmol/ml/min 
100/0 0.115 ±0.03 
50/50 0.132 ±0.01 
25/75 0.137 ±0.02 
Since the rate of utilization of soluble sugars (glucose and fructose which are 
potentially available for lactate production) takes place so quickly during the first 60 minutes 
of ruminai fermentation (21, 22, 94), it is thought that the contribution of lactate-utilizing 
bacteria to lactate fermentation declines shortly after feeding. The limited availability of 
nutrients for bacterial growth and the prevalence of other specialized saccharide-utilizing 
microbes, makes it very unlikely that a balance between amylolytic bacteria and lactate-
utilizing microbes exists. Additionally, in a limited glucose environment, lactate-utilizing 
bacteria like M. elsdenii may increase amino acid degradation and contribute to ammonia 
production and nitrogen losses. 
Starch degradation by ruminai microflora 
Com, barley and sorghum are the principal feeds used in eastern Canadian and US 
dairy diets. Starch is the principal component of cereal grains and its contents ranges from 
45% (oats) to 72% for corn. Starches average between 20 to 40% of the diet or more. Feedlot 
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managers feed ruminants high starch rations in order to maximize milk yields, weight gain 
and profit. This feeding practice has animal health and environmental consequences. 
Animal processing and mastication of grains are necessary for physical fracturing of 
the pericarp and outer coat of the grain. Physical damage allows exposure of the grain-
endosperm to ruminai microbial degradation. The numbers of protozoa and amylolytic 
bacteria in the rumen increase in proportion to the amount of grain in the rations (5, 41, 50, 
59, 60, 105). The number of acid-tolerant amylolytic bacteria increases during stepwise 
adaptation to high concentrate diets, while the ratio of amylolytics to lactate-utilizers 
decrease (60). Minato and Sato (69) reported on the ability of a number of ruminai microbial 
species to attach to starch granules. Strains possessing this ability were those belonging to 
Bacteroides sp., including Bacteroides (now Ruminobacter) amylophilus, and B. ruminicola 
subsp. ruminicola. The authors also found that the ability for starch granule attachment was 
positively correlated with amylase activity. 
The extent of starch microbial digestion and colonization of starch are usually 
associated with the type of grain. Wheat is most susceptible to microbial digestion followed 
by barley, sorghum and maize, respectively (65-67). Endosperm and starch granules arc the 
most susceptible regions of the kennel to microbial colonization. In contrast the germ and 
homy endosperm are poorly colonized (54, 65). McAllister et al. (67) studied several strains 
of amylolytic bacteria and their capacity to colonize and digest grains. Cells of R. 
amylophilus strain 50 preferentially colonized starch granules, while S. bovis 26 randomly 
colonized endosperm and cells of B. fibrisolvens A38 appeared to preferentially colonize cell 
wall material. The same authors also found that rates of starch (ground grains as growth 
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substrates) digestion in all cereal species was greater by S. bovis strain 26 than for R. 
amylophilus strain 50 or B. fibrisolvens strain A38. 
The amylolytic activity of a variety of starch-utilizing microbes has been examined in 
detail by Cotta (18). Of those tested, the highest levels of amylase were produced by 5. bovis 
strain JB1 and R. amylophilus strain HI8. Other strains that grew well in batch cultures 
containing starch and produced amylase were R. amylophilus 70, B. fibrisolvens strain A38 
and 49 and B. ruminicola 23, B14 and 118B (18,68,99, 104). 5. bovis JB1, B. ruminicola 23 
and B14, and B. fibrisolvens 49 and A38. These strains produced amylase in starch or 
maltose-containing medium, but this activity was greatly reduced in glucose-grown cultures. 
In contrast, R. amylophilus H18 (a strain that grows only on starch, maltose and 
maltodextrins and not on glucose) constitutively produced amylase, amylopectinase, and 
pullulanase (6, 18). 
It has been shown that the amylase activity of S. bovis strains is extracellular, while 
that of isolates of R. amylophilus was intracellular (6, 46, 107). The type of substrate that 
bacteria are grown on influences the amylase localization in cells. For example, when S. 
bovis JB1, B. ruminicola 23 and B14, and B. fibrisolvens 4, are grown in starch, membrane-
bound polysaccharidase activity is detected; however, cells of these strains grown on maltose 
had activities that were almost entirely present in the extracellular fluid fractions (6,18,104). 
The digestion of amylose and soluble starch by the amylolytic activities of starch-
utilizing bacteria, results in high concentration of maltooligosaccharides (maltose to 
maltoheptose). Satoh et al. (96) purified and characterized an intracellular maltotriose-
producing a-amylase from S. bovis 148. The enzyme was induced by maltose and soluble 
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starch and produced about 80% maltotriose from soluble starch. Ruminai amylolytic bacteria 
produced a-amylase-like enzymes, which hydrolyzes internal carbon bonds randomly and 
produced similar products of hydrolysis (6, 34, 85, 107, 108, 112). Perhaps 
maltooligosaccharides produced from starch hydrolysis by amylolytic bacteria, may in turn, 
provide a carbon source for dextrin-utilizing bacteria such as Succinivibrio dextrinosolvens. 
There is no information available concerning the role and extent of 
maltooligosaccharide degradation by Succinivibrio dextrinosolvens in the rumen. However, S. 
dextrinosolvens is considered one of the ruminai bacteria that is present in large numbers 
(accounting for 13% of the isolated strains from rumen) in the rumen of cattle or sheep fed 
relatively high starch diets (14). Selenomonas ruminantium HD4, Butyrivibrio fibrisolvens 49 
and Bacteroides ruminicola D31d have the capacity to degrade and utilize accumulated 
maltooligosaccharides resulting from the hydrolysis of starch in batch co-cultures of these 
species (19). The most competitive of these organisms appears to be S. ruminantium HD4, 
which grows to high numbers on minimal amounts of maltooligosaccharides that 
accumulates in cultures with B. fibrisolvens 49, or no accumulation or maltodextrins in 
cocultures with B. ruminicola D31d. Based upon these interactions, Cotta (18) suggested a 
possible crossfeeding food chain in the rumen that involves interactions between these 
amylolytic microbes. 
How the predominant rumen amylolytic bacteria interact in the rumen under 
conditions of high starch concentrations remains unclear. Certain physiological 
characteristics such as: capacity for endosperm colonization, enzymatic profiles, capacity to 
utilize maltooligosaccharides released after starch hydrolysis, acid tolerance, growth rales and 
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presence of superior transport systems for maltose and glucose might give ecological 
advantages to a given amylolytic species over others. 
Starch utilization theory 
According to the starch utilization theory, the predominant starch-utilizing bacterial 
populations determine the major products of starch fermentation in the rumen. Rapidly 
growing amylolytic bacteria, that drive starch fermentation to acetate, propionate and 
succinate and not to lactate fermentation, compete against lactate producers such as S. bovis. 
Thus, the activity of these amylolytic microbes prevents uncontrolled growth of S. bovis, 
ensuring a less acidic environment and enhancing the microbial activity that accompanies a 
moderate pH (3, 83, 84). The success of starch-utilizing microbes to overcome the 
opportunistic and rapid growth of lactate-producing microbes depends on several 
physiological characteristics. First, these microbes must have a relatively fast growth rate in 
order to maintain high numbers and to overcome the dilution rate of fluid digesta associated 
with rumen fermentation. Second, amylolytic bacteria might produce cell membrane-
associated amylolytic enzymes (a-amylases) that facilitate binding and degradation of starch 
granules. Attachment to starch (or grain) particles and subsequent biofiim formation 
improves nutrient exchange, bacterial growth of amylolytic species, and create biofilm to 
prevent competition. 
In addition, amylolytic bacteria use to survive and grow successfully in the harsh ionic 
environment generated by a starch driven fermentation: They must adapt to the selective 
pressure imposed by a low ruminai pH and withstand the toxicity of high levels of 
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accumulated organic acids. Finally, a bacteria's ability to transport glucose and mannose 
rapidly would confer a competitive advantage over other amylolytic bacteria. 
Can Prevotella bryantii help to prevent lactate accumulation in ruminai fermentations 
and compete for food against others starch utilizing bacteria? 
Prevotella bryantii. Prevotella bryantii is a strictly anaerobic, Gram-negative 
pleomorphic rod or coccobacilli. Prevotella bryantii has been recently recognized as one of 
the predominant amylolytic bacteria in the rumen of animals fed high-concentrate diets (102, 
113, 115). Originally classified as Bacteroides ruminicola, these bacteria are now referred to 
as Prevotella sp. The genus nov, Prevotella, comprises primarily oral, but also ruminai 
species (9,97). 
AvguStin et al. (12), on the basis of both 16S rDNA sequences and phenotypic 
characteristics, redefined the ruminai Bacteroides ruminicola-like cluster bacteria, and 
assigned the new name Prevotella bryantii for the formerly Bacteroides ruminicola subsp. 
brevis strain Bt4 (10). Since nearly all of the collected data concerning the abundance of 
ruminai bacterial species in ruminants fed with different diets were based on culture 
techniques, morphological observations and basic biochemical tests, it is reasonable to think 
that P. bryantii was often misrepresented by other P. ruminicola-like strain (formerly, 
Bacteroides ruminicola) or even by R. amylophilus (formerly Bacteroides amylophilus) 
isolates. 
Clearly, P. ruminicola is a numerically predominant ruminai bacterium that is 
considered to occupy a central role in carbohydrate and protein degradation in the gut, but its 
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capacity to grow on starch is poor, since it also depends on protein and amino acid 
availability. P. ruminicola is also one of the most important ammonia-producing bacteria in 
the rumen, but not one of the predominant amylolytic species. 
Growth and enzymatic activity. P. bryantii B,4 grows well in starch and produces 
amylase. The amylase activity of P. bryantii Bi4 appears to be regulated, since this strain 
produces higher levels of activity in starch-containing medium than when grown on glucose. 
Growth in a starch-containing medium selects for cell-associated amylase activity, whereas 
growth on maltose results in a marked increase in extracellular amylase activity (13, 18). 
P. bryantii B|4 has a faster growth rate on glucose than on mannose (0.7 vs. 0.45 h'1) 
in continuous culture (90). The mannose transport rates of glucose- and mannose-grown cells 
have been found to be similar, but cells grown on glucose have greater rates of glucose 
transport than cells grown on mannose. Fields and Russell (30) have suggested that the 
glucose/mannose carrier acts as a facilitated diffusion system at high substrate concentrations. 
P. bryantii B,4 is a strictly anaerobic ruminai bacterium that lacks a 
phosphotransferase system (PTS) (62), and expresses very low levels of cAMP (20). 
Therefore, the most common mechanisms of catabolite regulation cannot explain the 
catabolite repression of P. bryantii (32). P. bryantii B,4 only has one glucokinase, a 
glucomannokinase that was recently isolated by Fields and Russell (31). It appeared to have a 
potential role in regulating (3-glucanase expression. The nature of this role in catabolite 
repression has not been precisely defined. P-glucanase expression in P. bryantii Bi4 is only 
catabolite-repressed by glucose, while mannose inhibits glucose phosphorylation and vice 
versa. 
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Interestingly, the N-terminus region of the P. bryantii B,4 glucomannokinase has 
amino acids that are highly conserved and have significant similarity with presumptive 
regulatory sugar kinases from a number of Gram-positive bacteria, (Streptococcus sp., 
Lactococcus lactis. Staphylococcus xylosus, B. subtilis, and B. megaterium), and three 
Archaeal species (Aeropyrum pernix, Thermoplasma acidophilum, and Thermoplasma 
volcanicum). Until now, only one Gram-negative bacterium other than P. gingivalis has been 
found to have a comparable sequence (32). 
P. bryantii B,4 also has significant xylanase and mannase activities, and a P-1,4-
endoglucanase that hydrolyses carboxymethylcellulose and barley glucan but not xylan or 
mannan (11, 36, 70). Other polysaccharide-degrading activities produced by P. bryantii B|4 
have been characterized by Matsui et al. (64). These authors found that when xylan was 
supplied as a sole growth substrate, xylanase activity by P. bryantii B|4 was at least 18-fold 
higher than that observed when cells were grown on other carbohydrates, suggesting that the 
regulation of xylanases is highly specific to xylan. Additionally, P. bryantii B|4 constitutively 
produced polygalacturonate (PG)-degrading enzymes, with an activity more than 40-fold 
higher than in other strains of Prevotella (P. ruminicola JCM8958, P. albensis M384, and P. 
brevis GA33). 
In P. bryantii B,4, it appears that cellular NAD(P)H-dependent activity can be 
attributed to one enzyme, glutamate dehydrogenase (GDH), where gdh is regulated in 
response to the nitrogen source at the level of transcription (111). In contrast, cells of P. 
bryantii Bi4 do not produce greater levels of proteolytic activity in comparison with other 
ruminai Prevotella-like species (40). 
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Attachment and colonization of grains. The capacity to colonizate grains by cells 
of P. bryantii has not been reported. Indirect evidence for colonization was reported by 
Minato and Sato (69) who observed corn starch granule colonization by unidentified ruminai 
bacterial strains related to Bacteroides sp. It is difficult to know if they were referring to B. 
amylophilus or Prevotella-like bacteria. Since P. ruminicola ruminicola-like strains (as 
strains 23, and GA33) were generally the bacteria chosen to represent P. ruminicola in 
different physiological studies, it is likely that P. bryantii B|4 was not considered. The first 
chapter of this dissertation will discuss the capacity of P. bryantii 25A to colonize com and 
wheat grains. 
Effect of pH on P. bryantii growth. With roughage diets, the pH of ruminai fluid is 
usually between 6.2 to 7 while on concentrate diets, values from 5.5 to 6.5 are expected (80). 
The ruminai pH of fattening beef cattle and high producing dairy cows is often below 6 (27, 
81, 93, 98). Unlike cellulose degraders or lactate-utilizing bacteria like Megasphaera 
elsdenii, cells of P. bryantii B|4 grow well at low pH (6 or lower), but the cell yield declines 
(to about one third of normal) when grown at pH 5.5 and 5.25 (90, 92). Under continuous 
culture conditions (0.165 h"1 dilution rate) other strains of Prevotella, such as P. brevis 
GA33, appear to be more susceptible and wash out at pH 5.6 (90). Russell (87) found that 
cells of strain B,4 decreased its intracellular pH to a greater extent than those of strain GA33 
before growth was inhibited. Russell proposed that a decline in intracellular pH as 
extracellular pH declines helps prevent an accumulation of volatile fatty acid anions inside 
cells. 
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Starch digestion by P. bryantii. Cells of P. bryantii Bi4 produce succinate and 
acetate as the major end fermentation products (Fig. 4) when grown on 0.3 to 1% soluble 
starch containing 20 to 40% ruminai fluid (13, 83). 
FIG. 1.3. Possible metabolic pathways from glucose to main VFA in P. bryantii 
Succinate accounts for 65 to 70% of the total organic acids, but minimal amounts, 
less than 1%, of valerate, isobutyrate and lactate also accumulated in the media. The 
oUgosaccarides of amylose digestion by the extracellular amylolytic activity of P. bryantii 
Bi4 are maltotriose > maltose > maltotetrose > maltopenthose > maltohexose > maltoheptose 
(18). 
Although cells of P. bryantii as well as those of Ruminobacter amylophilus produce 
succinate as a major fermentation product, it does not accumulate in rumen content It is 
Acetyl-CoA 
Malate 
Fumarate — 
Succinatc-utitizing 
bacteria 
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rapidly converted into propionate. Decarboxylation of succinate by Selenomonas 
ruminantium and Succiniclasticum ruminis appears to be responsible for most of the 
production of propionate in the bovine rumen (100). 
Final considerations 
Ruminants offer microbes a chamber, the rumen, where continuous fermentation 
takes place, and a constant nutrient supply is present. In response, rumen microbes enhance 
digestion by supplying nutrients and vitamins to the host. Animal diet is the primary factor 
that affects the ruminai microbial community's composition and activities. Diets with a 
balanced proportion of fiber and readily fermentable carbohydrates promote ruminai pH 
values of 5.8 to 6.4. This pH favors microbial activity. However, high-concentrate diets result 
in extreme pH fluctuations that might enhance lactate fermentation and the overgrowth of 
lactate-producer microbes such as S. bovis. 
Unlike S. bovis, the amylolytic ruminai bacterium Prevotella bryantii drives starch 
fermentation to organic acids, primarily to succinate. This benefits animal nutrition and other 
ruminai bacteria as Selenomonas ruminantium that convert succinate to propionate. P. 
bryantii has physiological characteristics that allow it to compete with other amylolytic 
species for substrate, including the lactate producer S. bovis. Based on its ability to grow at 
low ruminai pH values, rapid growth on starch and glucose, ability to attach and digest grain 
particles, and its ability to compete strongly with lactate-producing bacteria, P. bryantii 
emerges as a good potential candidate for the reduction of lactate accumulation in ruminai 
fermentations. 
26 
Experimental results that support this hypothesis are presented in following chapters, 
as well as studies conducted with an amylolytic bacterium 25A, a Prevotella bryantii-like 
strain that reduces lactate accumulation and prevents acute acidosis under conditions of 
starch overloading in the rumen. 
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CHAPTER 2. 
ISOLATION AND CHARACTERIZATION OF AMYLOL YTIC BACTERIA THAT 
PREVENT LACTATE ACCUMULATION IN RUMINAL FERMENTATIONS 
A paper to be submitted to the Journal of Applied and Environmental Microbiology 
FERNANDO RODRIGUEZ, MARK A. RASMUSSEN, AND MILTON J. ALLISON 
ABSTRACT 
This report describes the isolation and characterization of ruminai amylolytic bacteria 
that prevent lactate accumulation in ruminai fermentations. Isolates were obtained from a 
rapid turnover (30%/h) starch-fed fermentor that had been inoculated with highly dilute 
rumen contents from a grain-fed cow. Strains of amylolytic bacteria were screened for their 
potential to ferment starch rapidly without producing lactate. Strain 25A was selected for 
tests that involved its addition to mixed rumen fermentations that contained excess soluble 
carbohydrates. Lactate reached concentrations of more than 40 mM in untreated cultures with 
a drop in pH below 5.0. Addition of strain 25A (at 109 CFU/ml) to such cultures reduced the 
accumulation of lactate by 90% and increased the accumulation of both succinate and 
propionate. Physiologic and morphologic properties of strain 25 A, as well as analysis of 16S 
rRNA gene sequence indicate that strain 25A can be classified as a strain of Prevotella 
bryantii. We propose that enhancement of ruminai numbers of P. bryantii, or other similar 
non-lactic acid-producing, rapid starch fermenters, will protect against lactic acidosis during 
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the adaptation process from forage-based to high concentrate rations. Animal work to verify 
this hypothesis is in progress. 
INTRODUCTION 
Lactic acid concentrations in the rumen are usually low (less than 1 mM) but when 
ruminants are overfed, or abruptly changed to diets that are high in rapidly fermentable 
carbohydrates, lactic acid concentrations may increase dramatically. The lactic acid-
producing bacteria that predominate under these conditions include Streptococcus bovis and 
Lactobacillus sp. (20, 22, 23). When lactate accumulates, ruminai pH decreases and 
environmental conditions favor growth of acid tolerant species over many of the less acid 
tolerant normal microbiota which produce volatile fatty acids (VFA). Absorption of the 
lactic acid, which accumulates subsequent to rumen perturbation may lead to a systemic 
lactic-acidosis and a severe threat to animal health. 
Growth of rumen amylolytic bacteria together with lactate-utilizing bacteria represents a 
food chain where the product of digestion of one species serves as a nutrient for another 
species (27, 35). Prevention of rumen acidosis by inocula of rumen bacteria that use lactic 
acid, has been studied by several workers (9, 11, 25, 33). Enhancement of non-lactic acid 
producing species that are able to compete with lactic acid bacteria for the starch substrate 
represents a different approach and one that may more accurately represent ruminai 
populations that are successfully adapted to high concentrate diets. In this report, we describe 
the selection, isolation and characterization of an amylolytic bacterium that when added to in 
vitro rumen fermentations prevents the accumulation of lactate that occurs in fermentations 
without this addition. 
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MATERIALS AND METHODS 
Isolation of bacteria, culture technique, and media. Rumen samples were collected 
from a fistulated cow adapted to a high grain diet at the National Animal Disease Center, 
Ames, LA. Samples were taken from both the solid and the liquid phase of the cow rumen 
content and squeezed through two layers of cheesecloth. One milliliter of a diluted rumen 
sample (10 *) was inoculated into a high rate fermentor (30% dilution rate) containing starch 
(medium A). After three days of continuous fermentation, serial dilutions (10"' to 10"'°) in 
anaerobic diluent (7) were inoculated into molten agar (2%, wt/vol) medium A roll tubes. 
After incubation individual colonies were picked and transferred to broth medium A with 
starch as the carbon source. Isolated strains were screened for their potential to ferment starch 
rapidly without producing lactate. 
All media were prepared and used anaerobically following the protocol by Hungate 
(19) and as modified by Bryant (6). Medium A contained 0.3% (wt/vol) soluble starch, 20% 
clarified rumen fluid, and the anaerobic mineral solutions previously described by Bryant and 
Burkey (7). For long-term storage, cultures were frozen at -70°C in 20% glycerol with 0.1% 
L-cysteineHCl. All chemicals used in the entire experiment were purchased from Sigma 
Chemical Co. (St. Louis, MO). The reagents used, including acetic, propionic, and butyric 
acids, were analytical grade. 
Bacterial inoculum. Bacterial cultures isolated from starch medium roll-tubes were 
screened by adding individual strains to in vitro batch ruminai fermentations and looking for 
their potential to prevent lactate accumulation. A simulation of ruminai lactic acidosis in 
vitro and growth medium for mixed culture of ruminai bacteria was based on Kung and 
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Hession (24). Bacterial inocula were prepared anaerobicaily from log phase cultures (ODeoomn 
1.0) in medium A and incubated at 39°C for 9 to 10 h. Cultures were harvested, by anaerobic 
centrifugation and the cell pellet was resuspended in anaerobic diluent (7) to a concentration 
of 1 x 1011 CFU/ml. Treated flasks received 5 ml, I x 10*1 CFU/ml, of the selected 
amylolytic bacteria in a final fermentation volume of 75 ml. Fermentations which produced 5 
mM lactate or less were tested again under similar conditions with a less dense inoculum (5 
ml of 10* bacterial cells/ml). Flasks used as controls received 5 ml of anaerobic diluent. 
Lactic acid, VFA concentrations and pH were monitored over a 24 h period. 
Cell densities were estimated as optical density at 600 nm (ODeoo) using a Spectronic 
70 colorimeter (Bausch and Lomb, Rochester, NY) in 18 x 150 mm anaerobic culture tubes. 
Values of optical densities were referenced to viable cells counts using the roll-tube 
technique (19). 
Select amylolytic bacterium were identified using the following characteristics: (i) 
major end fermentation products following growth in medium A (ii) cell morphology in 
Gram-stained smears, phase contrast microscopy, and transmission electron microscopy 
(TEM); (iii) the 16S rRNA gene sequence analysis (phylogenetic relationships. Blast-search, 
and presence of specific molecular signatures that discriminate ruminai bacterial species) (2). 
Corn and wheat utilization and colonization. The ability of the selected strain to 
utilize cracked com and cracked wheat as substrates was evaluated by accumulation of VFA 
in the media. Media contained 03% (wt/vol) cracked grain and 20% clarified rumen fluid, 
and was inoculated with log phase cells, 1 x 109 CFU/ml, grown in Medium A Samples from 
com and wheat media inoculated with selected amylolytic bacteria were placed in ruthenium 
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red-cacodylate buffer fixative solution and were processed for S EM (29). Substrate 
colonization was visualized using SEM. 
Utilization of substrates. The peptone-yeast extract (PY) medium was used for 
biochemical characterization (18). Vitamin Kl, hemin solution, and L-cysteine HC1 were 
added after the PY medium was boiled, but before dispensing and autoclaving. After heat 
sterilization, oxygen-free filter-sterilized (0.22 pm) solutions of each carbohydrate were 
added (1% wt/vol) to the PY medium. Bacterial growth and substrate utilization were 
monitored using optical density, and pH measurements. 
Fatty acid analysis. Cellular fatty acid profiles of the selected candidate amylolytic 
bacteria were conducted using gas-liquid chromatography (Microbial ID, Inc. Newark, DE). 
Mid-log and stationary phase cells harvested from cultures in PYG medium (18) were 
submitted for processing. 
Gas-liquid chromatography (GLC). Volatile fatty acids and lactate analysis were 
performed on a Hewlett-Packard 5890 gas chromatograph (flame ionization detection) using 
a HP-5 10 m x 0.53 mm x 2.65 *im film thickness (5% phenol methyl silicone). The 
chromatograph was operated in a split mode (20:1) under temperature-programmed 
conditions. Analysis of butyl esters was similar to those described by Salanitro and Muirhead 
(40). 
16S rDNA amplification and sequencing. Polymerase chain reactions (PCR) using 
oligonucleotides primers previously described by Both et al. (5) were used to amplify strain 
25A 16S ribosomal DNA (rDNA). Forwards primers 9f 5'- GAGTTTGATCCTGGCTCAG-
3' and 786f 5- ATTAGATACCCTGGTAG-3'; and reverse primers 926r 5'-
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CCGTCAATTCATTTGAGTTT-3' and 1544r 5'- AGAAAGGAGGTGATCCAGCC-3 were 
used in the PCR reaction. PGR reagents were obtained from Boehringer Mannheim 
(Mannheim, Germany) and reactions were prepared according to the manufacturer's 
recommended protocol using 1 |ig of purified strain 25A genomic DNA in each reaction. 
Thermocycling conditions consisted of an initial denaturation step at 94°C for 2 min, 
followed by 10 cycles of 94°C for 15 s, 46°C for 30 s, and 72°C for 1 min. A further 20 
cycles of 94°C for 15 s; 50°C for 30 s, and 72°C for 2 min followed by a 7-min, 72°C final 
extension completed the run. PCR products were resolved by electrophoresis in 1% (wt/vol) 
agarose gels and visualized by staining with ethidium bromide. Sequencing reactions were 
carried out by automated PCR cycle sequencing techniques performed at Iowa State 
University (16). 
Sequence analysis. Sequences were aligned using the multiple sequence alignment 
program CLUSTAL W version 1.6 (44). The 16S rDNA sequences, which were not 
determined in this study, were obtained from GenBank and RDP (Ribosomal Data Project) 
(26). Sites containing alignment with gaps were ignored for computation of genetic distance 
computed by Kimura's two-parameter technique (21) and the phylogenetic tree constructed 
using the neighbor-joining method (39). The tree was statistically evaluated by the 
bootstrapping technique with data resample 1000 (13). The 16S rDNA based molecular 
signatures, that differentiated members of Prevotella (2) were screened using Vector NTI 
(Informax, Inc; North Bethesda, MD). 
Statistics. Fermentations were run in triplicates. Analysis of variance (ANOVA) was 
used to analyze each time point using Minitab version 11 (State College, PA). The degree of 
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significance between controls and treatments was compared using the F-test (P < 0.05). The 
standard error of the mean (SEM) and the standard deviation were also computed for each 
analysis. 
RESULTS 
Selection of the candidate strains of amylolytic bacteria. Twenty-six deep and 
surface colonies were picked from agar roll-tubes and transferred to medium A broth. These 
colonies were serially transferred through broth media and picked from agar roll tube to 
insure purity. Ten isolates were obtained and stored at -70"C in 20% glycerol. 
All 10 isolates (1010 CFU/ml inoculum concentration) were tested for their ability to 
prevent lactate accumulation in in vitro ruminai fermentations. After 24 h of incubation, no 
lactic acid was detected using strains 25A and 6A isolates, but lactate concentration peaked at 
more than 40 mM in fermentations using the other candidate strains (Table 2.1). When a less 
concentrated bacterial inoculum of 25A or 6A (109 CFU/ml inoculum concentration) was 
inoculated into ruminai fermentations, only strain 25A reduced the accumulation of lactate 
(Fig. 2.1). Amylolytic strain 25A was selected for further study. 
Strain 25A reduced the accumulation of lactate 90% in in vitro ruminai fermentations 
(Fig. 2.1). Lactic acid accumulated to higher concentrations (>40 mM) in control 
fermentations. In fermentations inoculated with strain 25A, low levels (<6 mM) of lactate 
accumulated during first 12 h, but by 24 h lactate was undetectable. The pH measurements of 
in vitro ruminai fermentations were lower for flasks that did not receive an inoculum of 25A. 
Fermentations inoculated with 25 A had a mean pH of 5.5 (at 12 h) compared to controls (< 
5.0; Fig. 2.2). Untreated controls reached a pH of 4.7 by 24 h (Kg. 2.2). 
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The organic acid concentrations increased over time (P < 0.05) in treated and control 
groups but tended to be higher in inoculated flasks (Table 2.2). Differences for acetate, 
propionate, succinate, and butyrate were significant (P < 0.05) at 8 h and 24 h of 
fermentation. When strain 25A was added succinate proportion was 10 times higher (13.9 
mM) in the first 4 h of fermentation and remained high (>10 mM) at 24 h. Little succinate 
accumulated (<2 mM) in control. At 24 h, propionate was much higher (22 vs 15 mM) in 
flasks inoculated with 25 A (P < 0.05). The molar proportion of valerate was significantly 
higher in treated fermentations as compared to than in controls at 24 h (P < 0.05). 
Cell morphology. Cells of strain 25 A (mid-log phase) were short rods (1 to 2 Jim x 
0.3 to 0.5 jim). The cells did not form aggregates or chains. More elongated cells, 5 to 8 jun, 
were common during the late stationary phase of growing. Cells stained Gram-negative and 
thin section electron micrographs of strain 25A showed two distinct membranes typical of 
Gram-negative bacteria. No endospores, inclusions, or motility have been observed. 
Biochemical and physiological characteristics. Ruminai strain 25A was a strict 
anaerobe that grew well at 37 or 39°C under a 100% CO% atmosphere. Strain 25A grew well 
in 0.3 to 1% (wt/vol) soluble starch-based broth containing 20% of clarified rumen fluid 
(Medium A). Yeast extract and trypticase peptone were not required. Strain 25A produced 
succinate and acetate as the major end fermentation products when grown on 0.3% (wt/vol) 
soluble starch. Minimal amounts (<0.4 mM) of valerate, isobutyrate, and lactate accumulated 
under these growth conditions. Strain 25A utilized a wide range of carbohydrates for growth 
(Table 2.3). In a medium containing gum arabic, gentiobiose, and N-acetyl glucosamine, 
growth of the strain 25A was not stimulated. Strain 25A had a growth rate of 0.66 h*1 in 
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medium containing soluble starch and clarified ruminai fluid. Under similar conditions 
growth rates determined for other ruminai amylolytic bacteria were 0.5 h"1 for Prevotella 
bryantii B|4, 0.25 h*1 for Succinomonas amylolytica Bz4, and 1.1 h"1 for Ruminobacter 
amylophilus H18. For strain 25A and Prevotella bryantii B|4, growth rates in a medium 
containing xylan were approximately equal, 0.15 h'1 and 0.12 h"1 respectively. In a pectin-
containing medium, rates were 0.25 and 0.28 h'1 respectively. When grown in medium PYG, 
strain 25A possessed 12-methyltetradecanoic (anteiso-Cl5:0) acid as a major cell fatty acid. 
Other predominant acids included C16:0, and iso 15:0. 
Colonization and degradation of corn and wheat by the strain 25A. Strain 25 A 
colonized particles of ground com or wheat at high population densities. Initial attachment 
and establishment of micro colonies on maize were visualized at 4 h of incubation, and after 
12 h of incubation endosperm were heavily colonized (Fig. 2.3). Initial colonization of both 
grains at 4 h by the amylolytic strain 25A was accompanied by succinate (0.6 to 1.7 mM) and 
acetate (12 mM) accumulation. Media containing cracked com supported greater succinate 
production (23 mM at 24 h). Acetate concentration peaked at 25 mM in both media at 24 h of 
incubation. 
Analysis of 16S rDNA sequences. One thousand and four hundred forty seven 
nucleotides of the PCR-amplified 16S rDNA of strain 25A were determined using the 
universal bacterial forward and reverse primers (5). Sequence analysis of the 16S rDNA of 
strain 25A indicated that this bacterial isolate clustered with members of the genus Prevotella 
(Fig. 2.4). The 16S rDNA sequence of the amylolytic strain 25A is closely related to P. 
bryantii Bi4. A sequence similarity value of 99.5% was found between the strain 25A 16S 
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rDNA sequence and the 16S rDNA sequence reported by AvguStin et al. (2) in GenBank for 
the species P. bryantii B%4. The strain 25A also clustered with P. bryantii 16S rDNA clones 
3C3d-16, 5C3d-4 and 5C3d-8 (GenBank accession numbers AB034105, AB034106, and 
AB034107, respectively) that Tajima et al. (43) found abundant in ruminants adapted to 
high-grain diet. 
Nucleotide sequence accession number. A 920 nucleotide sequence from the 16S 
rDNA of the amylolytic strain 25A was deposited in GenBank database. The accession 
number is AY189149. 
DISCUSSION 
The abilities of several ruminai bacteria to prevent lactate accumulation in ruminai 
fermentations have been studied (9, 24, 33, 46). Our approach was different. We used 
amylolytic bacteria that can use starch rapidly enough that starch fermentation is diverted 
away from lactate production. Our results support the hypothesis that some amylolytic 
bacteria can indeed compete with lactic acid-producing bacteria in starch fermentations. 
Fermentations that were not inoculated with P. bryantii 25A, showed evidence of 
lactate production, low pH, and altered VFA concentration, in contrast to fermentations 
containing strain 25A. The accumulation of succinate when fermentations contained strain 
25A and the concomitant increase of propionate, suggested conversion of succinate to 
propionate or secondary growth of succinate-using bacteria. 
Strain 25 A can be classified in the genus Prevotella which was originally classified as 
Bacteroides (8). The genus Prevotella includes both oral and ruminai species (1,41). 
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AvguStin et al. (4), on the basis of 16S rDNA sequences and phenotypic 
characteristics, redefined the ruminai Bacteroides ruminicola-Uke cluster of bacteria, and 
assigned the new name Prevotella bryantii to the former Bacteroides ruminicola subsp. 
brevis strain B;4 (2, 8). Since most of the collected data about abundance of ruminai bacterial 
species in ruminants was based upon cultural, morphological and biochemical characteristics, 
it is reasonable to think that P. bryantii has been misrepresented as P. ruminicola 
(Bacteroides ruminicola-like strains) or even as R. amylophilus (formerly Bacteroides 
amylophilus) isolates. Only recently has Prevotella bryantii been recognized as one of the 
predominant amylolytic bacteria in the rumen of animals fed high-concentrate diets (43, 45, 
47). 
Sequence analysis of the 16S rDNA of strain 25A revealed a close identity to the 16S 
rDNA of Prevotella bryantii B|4 (4), and to P. bryantii 16S rDNA clones that were abundant 
in Holstein cows in a high-grain adaptation experiment (43). Since our strain 25A was 
originally isolated from a rumen sample collected from a grain-fed cow, we believe that P. 
bryantii is a predominant bacterial species in the rumen of animals fed high-grain diets. 
Although S. bovis has a shorter generation time than P. bryantii strains, we believe 
that P. bryantii is predominant in the grain-adapted rumen. P. bryantii B|4 grows well in 
starch and its membrane-associated amylases would favor starch utilization (8,10). 
Fields and Russell (14) have found that mannose transport rates in glucose- and 
mannose-grown cells appear to be similar for P. bryantii Bi4. However, cells grown on 
glucose had three fold higher rates of glucose transport than cells grown on mannose. These 
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authors have suggested that the glucose/mannose carrier acts as a facilitated diffusion system 
at high substrate concentrations. 
Furthermore P. bryantii Bi4 has a glucokinase, a glucomannokinase that has recently 
isolated by Fields and Russell (15), which appears to have a potential role in regulating fJ-
glucanase expression. P. bryantii B,4 also has a significant xylanase and mannase activities, 
and a (3-1,4-endoglucanase that hydrolyses carboxymethylcellulose (CMC) and barley glucan 
but not xylan or mannan (3, 17, 31). P. bryantii also possesses high levels of xylanase 
activity, and polygalacturonate (PG)-degrading enzyme activity compared with other species 
of Prevotella. (28). P. bryantii B,4 (PG)-degrading enzyme activity was more than 40-fold 
higher than similar activity in other strains of Prevotella (P. ruminicola JCM8958, P. 
albensis M384, and P. brevis GA33). The superior xylanase, amylase, and CMCase activity, 
make P. bryantii a very versatile bacterium in the rumen. 
In our experiments, P. bryantii 25A could grow on xylan and pectin, and abundant 
colonization of ground corn or ground wheat was observed. Minato and Sato (30) found 
cornstarch granules to be readily colonized by unidentified ruminai bacteria related to 
Bacteroides sp. A capacity to colonize starch granules and other components in the 
endosperm would be beneficial to P. bryantii and assist in the utilization of these substrates. 
The ruminai pH of grain-fed beef cattle and high-producing dairy cows is often below 
6.0 (12, 32, 38,42). P. bryantii B,4 grows well at such a pH (36, 37). Russell (34) suggests 
that acid-tolerant ruminai bacteria reduce intracellular pH to compensate for a low external 
pH. Such compensation may help prevent an accumulation of volatile fatty acid anions inside 
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cells. As an acid-tolerant species, P. bryantii can grow successfully in the acidic conditions, 
of a grain-fed rumen. 
Amylolytic bacteria such as P. bryantii and R. amylophilus produce succinate as a 
major end fermentation product. However, succinate does not accumulate in the rumen 
because other bacteria such as Selenomonas ruminanlium and Megasphaera elsdenii convert 
succinate to propionate. The cross-feeding activity of these bacteria leads to an increased 
level of propionate production, which is favorable to most animals' nutrition. 
We believe that the inoculation of fast growing bacterium P. bryantii 25A alone or 
combined with other rumen microbes would have the potential of avoiding lactate 
accumulation in conditions of starch overfeeding or during the abrupt changes from high-
fiber diet to high-concentrate diets. 
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TABLE 2.1. Lactate accumulation in ruminai fermentations inoculated with 
select strains of bacteria 
Strain * Lactate (mM) 
E 45.8 
L 41.3 
N 52.1 
3A 44.1 
6A 0 
7A 32.4 
HA 383 
13A 44.1 
25A 0 
26A 38.0 
Control 55.0 
•Data after 24 h in ruminai in vitro fermentations 
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TABLE 2.2. Organic acid concentration (mM) in in vitro rumen fermentations inoculated 
with the strain 25 A during 24 h of fermentation 
Sampling 
time, h Acetate Propionate Succinate Butyrate 
0 25A 43.5 9.5 0.9 5.5 
Control 44.1 9.6 0.8 5.6 
SEM 0.5 0.1 <0.1 <0.1 
4 25A 55.9 14.9 13.9* 7.2 
Control 53.4 14.8 1.12 7.9 
SEM 1.6 0.4 0.2 0.2 
8 25A 64.4* 21.1* 15.9* 8.1* 
Control 39.4 13.7 1.3 6.65 
SEM 1.1 0.5 0.4 0.2 
24 25A 7L2* 27.1* 12.6* 12.7* 
Control 59.9 15.3 0.9 7.4 
SEM 2.4 0.9 0.5 0.4 
•Different from control, P < 0.05 
SEM, Pooled standard error of the mean 
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TABLE 2.3. Some characteristics of amylolytic strain 25 A 
Cell morphology 
Size (#im) 
Gram Reaction 
Motility 
Growth with: 
Acetylglucosarnine 
L-arabinose 
Cellobiose 
Cellulose 
Fructose 
Galactose 
P-gentiobiose 
Glucose 
Glycerol 
Gum Arabic 
Major end products 
from starch: 
Growth on soluble starch: 
Growth rate (h-1) 
Doubling time (h) 
Major long-chain cellular fatty acids 
short rod 
1 -3 x0.3-0.5 
+ 
+ 
S,A,P 
Lactate 
Lactose 
Maltose 
Mannitol 
Mannose 
Pectin 
Starch 
Sucrose 
Xylan 
D-xylose 
0.66 
1.1 
anteiso-l5:0, FAME 16:0 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Abbreviations: S=succinate; A=acetate; P=propionate; 
FAME=fatty acid methyl ester; + = positive reaction; - = negative reaction 
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Lactate Accumulation 
—•—Strain 25A —•—Control 
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60 
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20 
10 
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20 0 4 12 16 
Hours 
FIG. 2.1. Effect of inoculating an in vitro ruminai fermentations with 109 CPU. 
•Different from control (n = 3) at P < 0.05. 
The error bar defines the variation. 
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—Stra in  25A —Cont ro l  
5.0 
4.0 
20 24 12 16 0 4 
Hours 
FIG. 2.2. pH in ruminai fermentations inoculated with the amyioiytic strain 25A. 
•Different from control (n = 3) at P < 0.05. 
The error bar defines the variation. 
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FIG. 2.3. (a) SEM of strain 25A attached to com endosperm after 4 h of incubation, 
(b) SEM of com after 12 h of incubation. 
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FIG. 2.4. Phylogenetic relationships of the amyioiytic bacterium 25 A. 
Scale bar = 10 inferred nucleotide substitution per 100 nucleotides. 
*P. bryantii 16S rRNA gene sequences from GenBank (43). 
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CHAPTER 3. 
CONTROL OF LACTATE ACCUMULATION IN A GOAT ACIDOSIS MODEL 
USING PREVOTELLA BRYANTU 
A paper to be submitted to the Journal of Applied Microbiology 
F. Rodriguez, M. A. Rasmussen and M. J. Allison 
ABSTRACT 
Conditions that select for high ruminai concentrations of lactic acid-producing bacteria often 
occur when ruminants are abruptly shifted from forage diets to diets that contain grain or 
other sources of readily fermented carbohydrates. This lactate fermentation reduces ruminai 
pH, perturbs the normal rumen microbiota. and endangers animal health. The objective of 
this study was to test the hypothesis that lactic acid accumulation can be prevented by 
inoculating the rumen with volatile fatty acid-producing bacteria that would compete with 
lactic acid-producing bacteria for substrate (starch). Goats were used as a rumen acidosis 
model, and wheat starch sufficient to induce lactic acidosis (lOg/kg body weight) was placed 
into the rumen through a rumen fistula. Treated animals received 1.2 x 10n cells of 
amyioiytic Prevotella bryantii 25A suspended in 120 ml of an anaerobic dilution solution just 
prior to starch administration, while control animals received the mineral dilution solution 
alone. Ruminai pH of the acidosis control animals declined to between 4.6 and 4.8 within 8 
h after starch administration. Mean values of lactic acid concentrations in these animals were 
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84 mM and 95 mM at 8 and 24 h, respectively. When acute starch feeding was preceded by 
inoculation with P. bryantii 25A, ruminai lactate accumulation was limited to below 20 mM, 
pH declines were moderated (5.7 to 6.0), and concentrations of acetate, propionate and 
succinate were greater (P < 0.01). Thus, administration of P. bryantii 25A to goats altered 
rumen fermentation and directed starch fermentation away from lactate accumulation in favor 
of acetate and propionate production. 
INTRODUCTION 
An abrupt change of ruminant diets from roughage to diets that contain high concentration of 
readily fermentable carbohydrate often leads to decreased ruminai pH because of rapid 
production of lactic acid (Harmon et al. 1985; Horn et al. 1979; Owens et al. 1998). When 
lactate becomes the major product of fermentation, the ensuing lactic acidosis may be acute 
and life threatening, or it may lead to a chronic condition that leads to impaired animal 
productivity (Allen 1997). The lactic acid-producing bacteria selected for under these 
conditions are mainly Streptococcus bovis and several species of Lactobacillus. This 
population change is in contrast to that which occurs during a gradual dietary change when 
the main fermentation products are volatile fatty acids (VFAs) rather than lactate. 
Reliable transitions to VFA-producing populations with less risk for selection of the 
lactic acid bacteria is a management goal in various production situations. Some attention 
has been given to the possibility that this desired transition would be assisted if lactate 
accumulation could be prevented by inoculation with lactic-utilizing microbes, i.e. 
Megasphera elsdenii (Cook et al. 1977; Kung and Hession 1995; Robinson et al. 1992; 
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Wiryawan and Brooker 1995). While successful adaptation to diets rich in readily 
fermentable carbohydrates may include populations that metabolize lactate more rapidly, it is 
our hypothesis that the selection of VFA-producing bacteria that are able to utilize starch and 
sugars rapidly enough to successfully compete with the lactic acid-producing bacteria may 
also prevent lactic acidosis. Experiments described here were designed to test this 
hypothesis. We used strain 25A of Prevotella bryantii that had been selected as a rapid starch 
fermenter from a mixed rumen population (Rodriguez et al. 2000) as a rumen inoculum for 
goats that were overfed with soluble starch. 
MATERIALS AND METHODS 
Animals and overfeeding with wheat flour 
Two months prior to experiments, six adult goats (ranging from 45 to 55 kg) were surgically 
prepared with rumen fistulas. The animals were housed at ambient temperature and water and 
salt containing trace minerals were available ad libitum. For two months, the goats were fed 
alfalfa hay {ad libitum) until one week before starch overloading when the long alfalfa hay 
was replaced with a pelleted form. Goats were divided into a dosed (bacterial treatment) 
group and a control group, with each group containing three animals. Rations were withheld 
for 24 h before all goats were given a lactic acidosis challenge dose of wheat starch (10 g kg"1 
of body weight) suspended in anaerobic mineral solution (Bryant and Burkey 1953) via a 
rumen fistula. Treated animals received a 120 ml inoculum of the selected amyioiytic 
bacteria (10* cfu ml*1) just prior to starch administration. Control goats received 120 ml of 
the anaerobic diluent. Animal health (signs of diarrhea and lethargy), ruminai pH, and VFA 
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were monitored for 24 h. Samples of ruminai ingesta were examined microscopically and 
Gram stained preparations were examined for the relative abundance of Gram-positive 
bacteria like Lactobacillus or Streptococcus. Additional rumen samples were stored at -70°C 
for subsequent PGR detection of P. bryantii, Lactobacillus, and S. bovis. All experiments 
described in this paper using live animals, were approved by the Animal Care Use Committee 
(ACUC) of the National Animal Diseases Center (NADC). 
Microbial inoculant 
Prevotella bryantii 25A was obtained from the Rumen Bacteria Collection of the National 
Animal Diseases Center, USDA (Ames, IA). P. bryantii 25A isolation and identification 
were previously described (Rodriguez et al. 2000). Anaerobic techniques for the preparation 
and use of media were carried out according to Hungate (1970) and as modified by Bryant 
(1972). P. bryantii 25A cells were routinely cultured at 37°C in starch broth containing 20% 
(v/v) ruminai fluid and cells for rumen inoculation were from 1 liter of mid-log phase (1 x 
109 cfu ml*1) cultures harvested after incubation for 9 to 10 h. Cultures were harvested under 
CO; and the cell pellet was «suspended in 120 ml of anaerobic diluent (Bryant and Burkey 
1953). Bacterial inoculants were introduced in the treated goats through the rumen fistula. 
The final concentration was approximated at 10s bacterial cells ml*1 of rumen contents. 
Gas-liquid chromatography (GLQ 
Analysis of volatile fatty acids and lactate were performed on a Hewlett-Packard 5890 gas 
chromatograph (flame ionization detection) using a HP-5 10 m x 0.53 mm x 2.65 jim film 
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thickness (5% phenol method silicone). The ultra phase column was operated in split mode 
(20:1) under temperature-programmed conditions. Analysis of butyl esters were similar to 
those described by Salanitro and Muirhead (1975). 
DNA extraction 
DNA was extracted from rumen samples by combining a bead-beating technique and the 
Quiagen DNA Stool Mini Kit (Qiagen, Tokyo, Japan). Rumen samples (0.5 ml) were added 
to a 2 ml screw-cap tube containing 0.5 g of 0.1 mm in diameter zirconia-silica beads. One 
milliliter of ASL buffer (Qiagen system) was added to each of the tubes and the samples were 
incubated at 95°C for 10 min. The tubes were shaken three times for 1.5 min on a Mini-
Beater (BioSpec Products, Bartlesville, OK). Further DNA extraction and purification was 
carried out following the Qiagen system manufacturer's protocol. DNA concentration and 
purity were measured spectrophotometrically. DNA samples with a Aza/Azso ratio higher 
than 1.8 were used. All samples were adjusted to a final concentration of 100 ng pi"' and 
additional dilutions were made. Diluted samples were stored at - 20°C. 
Conventional polymerase chain reaction (PCR) 
The PCR oligonucleotides primers previously described by Tajima et al. (2001) were used to 
detect P. bryantii and S. bovis DNA. The primers 5-ACTGCAGCGCGAACTGTCAGA-3' 
(forward) and 5'-ACCTTACGGTGGCAGTGTCTC-3' (reverse) amplified a 549 bp of the P. 
bryantii 16S rDNA. Primers 5'-CTAATACCGCATAACAGCAT-3' (forward) and 5'-
AGAAAC r i CCTATCTCTAGG-3' (reverse) amplified an 869 bp fragment of the 16S rDNA 
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from S. bovis. PCR reagents were obtained from Boehringer Mannheim (Mannheim, 
Germany) and reactions were set up according to the manufacturer's recommended protocol 
using I ng of purified P. bryantii or S. bovis genomic DNA in each reaction. Thermocycling 
conditions consisted of an initial denaturation step at 94°C for 2 min, followed by 10 cycles 
of 94°C for 15 s, 46°C for 30 s, and 72°C for 1 min. A further 25 cycles of 94°C for 15 s, 
68°C for 30 s, and 72°C for 2 min followed by a 7-min, 72°C final extension, completed the 
run. Thermocycling conditions were similar for both P. bryantii and 5. bovis except that an 
annealing temperature of 57°C was used for 5. bovis primers and in duplex PCR for multiple 
detection of P. bryantii and S. bovis DNA. PCR products were resolved by electrophoresis in 
1% (w/v) agarose gels and visualized by staining with ethidium bromide. 
Statistics 
Statistic analyses were carried out separately for each time point by analysis of variance 
(ANOVA) using Minitab version 11 (State College, PA). The degree of significance between 
controls and treatments was compared using the F-test (P < 0.05). The standard error of the 
mean (SEM) was computed for each analysis. 
RESULTS 
Ruminai pH and lactic acid 
Ruminai pH of the non-inoculated control animals declined from 4.6 to 4.8 within 8 h 
after starch administration (Fig. 3.1). Mean lactic acid concentrations in these animals were 
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84 mM and 95 mM at 8 h and 24 h, respectively (Fig. 3.1). When acute starch feeding was 
preceded by inoculation with P. bryantii 25A, ruminai lactate accumulation was limited (less 
than 20 mM) and pH declines were moderated (5.7 to 6.0; P < 0.01). The mean of the lowest 
pH value recorded for ruminai contents from control animals was 4.71 at 24 h, whereas the 
mean of the lowest pH value recorded for treated animals was 5.77 at 12 h. In animals 
treated with P. bryantii 25A, the rumen pH returned towards the base line above 6.5 after 12 
h of starch exposure. Ruminai lactate concentrations in control animals peaked to more than 
80 mM after 8 h and these remained elevated for the duration of the experiment when 
animals were dosed with large volumes of buffer to restore the pH of the rumen. Maximal 
ruminai lactate concentration of 15.28 mM was recorded in treated animals during the 4 to 8 
h of starch exposure. However, the mean of lactate concentrations in the treated animals 
declined below 3 mM after 12 h. 
Volatile Fatty Acids (VFAs) 
Concentrations of acetate, propionate, and succinate were significantly greater (P < 0.01) in 
animals treated with P. bryantii 25A than in control animals (Table 3.1). In treated animals, 
the molar concentration of propionate was nearly twice that of control animals at the first 4 h 
(16.1 mM) of fermentation. At 24 h it was lOx greater in the treated animals (P < 0.05). The 
molar concentration for ruminai succinate increased over time in animals inoculated with P. 
bryantii 25A and peaked at 8 h (18.83 mM), while the succinate concentration in control 
animals did not exceed 1.0 mM at any sampling time. The molar concentration for 
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isobutyratc did not differ in either group of animals. In treated animals, the molar 
concentration for butyrate increased significantly (P < 0.05) from 8 h (2.54 mM) to 24 h 
(2.92 mM) in comparison with the control animals (0.17 mM and 0.0 mM, respectively). 
When animals were dosed with P. bryantii 25A, a significant (P < 0.05) increase in valerate 
concentration was observed. No differences were observed for isovalerate concentration 
between controlled and treated animals. 
PCR analysis of P. bryantii and S. bovis 
P. bryantii 16S rDNA was detected from ruminai samples of treated animals at 0 h when 
animals were freshly inoculated with the amyioiytic strain P. bryantii 25A and through 24 h 
after overfeeding with starch (Fig. 3.3). However, P. bryantii was not detected in the control 
group (Fig. 3.3). No P. bryantii was found prior to inoculation with the strain 25A in either 
the treated animals and untreated animals (before ruminai starch overloading). In duplex 
PCR (Fig. 3.4), amplification of 16S rDNA from treated and untreated animals resulted in 
fragments of the predicted size, 540 bp and 869 bp for P. bryantii and S. bovis, respectively. 
5. bovis was detected from 4 h to 24 h in both treated and untreated animals. 
DISCUSSION 
Overfeeding with readily fermentable carbohydrates alters the normal balance of microbial 
populations in the rumen with changes in the fermentation pattern and rumen function 
(Allison et al. 1975; Goad et al. 1998; Owens et al. 1998). An increase in the molar 
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concentration of ruminai lactate and/or VFAs, and a decrease of ruminai pH are the first signs 
to appear after starch overfeeding and may lead animals to experience acute or subacute 
acidosis. With acute acidosis, ruminai acidity and osmolality increase markedly as acids and 
glucose accumulate; these can damage the ruminai intestinal wall, decrease blood pH, and 
cause dehydration that proves fatal. Subacute acidosis occurs more frequently, and some 
animals experience prolonged periods of low pH (below 5.5) which is difficult to detect 
under farm conditions. Animals suffering subacute acidosis show decreased dry matter intake 
with an accompanying reduction in performance and milk production (Donovan 1997; 
Harmon et al. 1985; Nagaraja et al. 1985; Owen et al. 1998; Plourd 1999). It is thought that 
abruptly switching animals from high-fiber diets to high-concentrate diets without a period of 
gradual adaptation may be responsible of these metabolic disorders. 
As lactate increases, ruminai pH decreases, perturbing the normal rumen microbiota 
and endangering animal health (Cheng et al. 1998; Harmon et al. 1985; Horn et al., 1979; 
Owens et al. 1998). Lactobacilli and Streptococci are the most important lactic acid-
producing species that increase after grain overfeeding (Allison et al. 1975; Goad et al. 1998; 
Mackie and Gilchrist 1979). Russell and Hino (1985) concluded that as pH decreases, 5. 
bovis continues to produce lactate which further reduces the rumen pH, thus creating a niche 
for acid tolerant lactobacilli (also a lactate producer). Changes in the numbers and types of 
lactate-utilizing bacteria in the rumen after adaptation to high-concentrate diet have also been 
reported (Mackie and Gilchrist 1979). Lactate-utilizing bacteria have been shown to reduce 
rumen lactate accumulation after in vitro or in vivo dosing (Kung and Hession 1995; 
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Robinson et al. 1992; Wiryawan and Brooker 1995). Unfortunately, their role in controlling 
subacute or acute acidosis in the feedlot is still uncertain. 
In this study, lactate accumulation was controlled for 24 h after starch overloading 
with a single large inoculation of P. bryantii 25A in goats. Control goats that were not 
inoculated demonstrated signs of the metabolic disturbance associated with acute acidosis 
which included low ruminai pH, high ruminai lactate, and depressed VFAs accumulation 
(Figs. 3.1 and 3.2, Table 3.1). Symptoms of physiological distress such as anorexia, lethargy, 
and diarrhea were also apparent in the untreated goats. 
During the first hours of starch exposure, the ruminai pH of treated (P. bryantii 25A) 
and untreated goats dropped below 6, perhaps as the combined result of the accumulation of 
VFAs and an initial ruminai lactate accumulation over 10 mM. Britton and Stock (1987) 
demonstrated that the total VFA accumulation and not lactate alone might be responsible for 
acidosis in conditions where carbohydrates were supplied in excess. Ruminai lactate in 
treated goats continued to accumulate up to 20 mM but decreased during the next 8 h to 
values no higher than 3 mM with the subsequent stabilization of ruminai pH (Figs. 3.1 and 
3.2). We speculate that in animals inoculated with P. bryantii 25A, this microorganism can 
direct starch fermentation away from lactate accumulation in favor of succinate and 
propionate production. This process occurred with substrate (starch) being redirected away 
from lactate-producing bacteria. Butyrate accumulated after the first 4 h of starch 
overloading, and this suggests a contribution from the lactate-utilizing bacteria in the overall 
decrease of lactate in treated animals. Higher accumulations of butyrate were reported with 
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the addition of M. elsdenii to ruminant during experimental acidosis (Kung and Hession 
1995; Robinson et al. 1992; Wiryawan and Brooker 1995). 
Animals treated with P. bryantii 25A showed a significant (P < 0.05) increase of 
succinate at all sampling times compared to the control (Table 3.1). Succinate accumulation 
and utilization in the rumen with the concomitant increase of propionate, suggested that P. 
bryantii 25A activity might favor the growth of succinate-utilizing bacteria and the 
subsequent production of propionate. We have reported that in pure cultures of P. bryantii 
25A, succinate was the major end fermentation product when soluble starch or cracked corn 
was the energy source (Rodriguez et al. 2000). Addition of amyioiytic bacteria such as P. 
bryantii 25A that diverted starch fermentation away from lactate accumulation or of lactate-
utilizing bacteria such as M. elsdenii (Kung and Hession 1995; Wiryawan and Brooker 1995) 
appeared to contribute similarly to the reduction of lactate accumulation in conditions of 
induced rumen acidosis. However, only the amyioiytic Prevotella bryantii 25A contributed 
to succinate accumulation. Succinate-utilizing microbes could metabolize ruminai succinate 
to propionate, which can enhance hepatic gluconeogenesis. 
These experiments suggest that P. bryantii 25A has the ability to reduce in vivo 
lactate accumulation under conditions with large quantities of fermentable sugars. P. bryantii 
appears to compete well for substrate with lactic acid-utilizing bacteria such as S. bovis. We 
believe that fast growing strains of P. bryantii would have potential alone or in combination 
with other rumen microbes to adapt the rumen to high grain rations. 
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Table 3.1 Organic acid concentration (mM) in animals inoculated 
with Prevotella bryantii 25A 
Sampling 
time, h Acetate Propionate Succinate Butyrate 
0 25A 7.2 2.1 0 1.7* 
Control 6.9 2.2 0 0.9 
SEM 1.6 0.4 0 0.2 
4 25A 24.4* 12.9* 15.8* 3.1 
Control 11.4 7.1 0.5 2.5 
SEM 2.1 3.5 1.7 0.2 
8 25A 21.7s 16.1* 18.8* 2.5* 
Control 7.4 0.2 0.6 0.2 
SEM 2.9 1.5 0.7 0.4 
12 25A 30.9* 17.9* 0 2.9* 
Control 1.7 0.2 0 0.1 
SEM 0.2 2.3 0 0.6 
24 25A 29.2* 4.9* 0 2.9* 
Control 2.2 0 0 0 
SEM 0.5 0.2 0 0.8 
•Different from control. P < 0.05 
SEM. Pooled standard error of the mean 
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Fig. 3.1 Ruminai pH of goats inoculated with P. bryantii 25A 
The data were averaged from three animals for each treatment. 
The error bar defines the variation. 
•Significant (P < 0.05) 
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Fig. 3.2 Effect of dosing goats with Prevotella bryantii 25A on lactate concentration 
The data were averaged from three animals for each treatment. 
The error bar defines the variation. 
•Significant (P < 0.05) 
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Treated Goats 
Controls 
1.000 bp 
500 bp 
Fig. 3J Detection of Prevotella bryantii in goats based on PCR products amplified from 
rumen samples. Rumen samples were taken just prior to treatment (lane 2) and 
0. 4, 8. 12, and 24 h after starch overfeeding and inoculation (lanes 3 to 7 
respectively). Lane 1 contained molecular size markers. 
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Control Animals 
Fig. 3.4 Detection of Prevotella bryantii and S. bovis in goats based on PCR products 
amplified from rumen samples. Rumen samples were taken just prior to 
treatment (lane 2) and 0, 4, 8, 12. and 24 h after starch overfeeding and 
inoculation (lane 3 to 7 respectively). Lane 1 contained molecular size markers. 
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CHAPTER 4. 
EFFECT OF THE INOCULATION OF PREVOTELLA BRYANTU 25A ON PH AND 
LACTATE ACCUMULATION IN LACTATING COWS 
A paper to be submitted to the Journal of Dairy Science 
F. Rodriguez, M. A. Rasmussen, J. P. Golf, and M. J. Allison 
ABSTRACT 
Ten ruminally cannulated cows in mid-lactation were dosed with 1 L of Prevotella 
bryantii 25A (1 x 109 cfu/ml). Treatment was administered via rumen cannula once daily for 
four consecutive days. Rumen samples were obtained daily 1 day, before treatment and 
during the next 7 d. Treated animals received the strain Prevotella bryantii 25A on the second 
day of measurements at a time when dietary ground com content was greatly increased. 
Control animals received anaerobic diluent alone. Ruminai pH in control animals decreased 
below 6.0 as dietary grain was increased. Several episodes of lactic acid accumulation (over 5 
mM) were observed in the rumen of cows that did not receive P. bryantii 25A. When 
increased dietary grain was preceded by inoculation with P. bryantii 25A, ruminai lactate 
accumulation did not rise above 2 mM, and pH remained over 6.0. Ruminai concentrations of 
acetate, propionate, and succinate, as well as milk yields were not affected by treatment. 
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Thus, administration of P. bryantii 25A reduced ruminai lactate accumulation and favored a 
less acidic ruminai pH during transition to a higher starch diet. 
INTRODUCTION 
Feeding lactating cows diets high in non-fiber carbohydrates may result in acute or 
subacute ruminai acidosis (SARA) (Donovan, 1997; Horn et al., 1979; Owens et al., 1998). 
With acute acidosis, ruminai acidity and osmolality increase markedly as acids and glucose 
accumulate; these can damage the ruminai intestinal wall, decrease blood pH, and cause 
dehydration that proves fatal. Subacute acidosis occurs more frequently, and some animals 
experience prolonged periods of low pH (below 5.5), which can be hard to detect in farm 
conditions. Animals suffering subacute acidosis have decreased dry matter intake with an 
accompanying reduction in performance and milk production (Donovan, 1997; Harmon et al., 
1985; Nagaraja et al., 1997; Plourd, 1999). Rumen acidosis occurs when the production of 
volatile fatty acids in the rumen exceeds the ability of the rumen wall and the intestines to 
absorb or to neutralize them (Harmon et al., 1985). Excessive accumulation of VFAs results 
in ruminai pH depression, ruminai lactic acid increase, rumen microbiological changes, and 
consequently reduced feed intake and milk production. Acute, short duration episodes of low 
rumen pH are not visible to the farmer, but can affect the health of the herd. 
Several microbial inoculants have been proposed for controlling acidosis in ruminants 
(Dawson et al., 1997; Kung, 2001; Nagaraja et al., 1997). Inoculation with lactic acid-
utilizing microbes has been suggested as a primary method for controlling lactic acid 
accumulation in the rumen (Kung and Hession, 1995; Robinson et al., 1992; Wiryawan and 
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Brooker, 1995). However inoculants have not been commercially developed due to poor 
viability of the inoculum and failure to compete with the already established rumen microbial 
species. 
While current attempts to adapt cows to diets rich in readily fermentable 
carbohydrates may include developing populations that metabolize lactate more rapidly, it is 
our hypothesis to select for of organic acids (succinate and acetate) producing bacteria that 
can utilize starch rapidly and compete with the lactic acid producing bacteria. This 
competition may prevent accumulation of ruminai lactic acid. Experiments described here 
were designed to test this hypothesis. We used the amylolytic strain 25A of Prevotella 
bryantii that had been selected as a rapid starch fermenter from a mixed rumen population 
(Rodriguez et al., 2000) as the rumen inoculum for lactating cows. 
MATERIALS AND METHODS 
Animals and Diet 
Ten lactating Holsteins that were surgically fitted with ruminai cannulas were used. 
The cows were adapted to a standard lactating cow total mixed ration (Table 4.1) containing 
4.54 kg of corn. Cracked corn (0.9 kg) was added to the diet on days 1 to 4. Feed was offered 
two times a day at 0800, and 1400 h for ad libitum intake. Water and salt containing trace 
minerals were available ad libitum. 
Cows were divided into control and dosed groups, five animals each. Dosed animals 
received a daily dose of 1 x 1012 cfu of the amylolytic bacterium Prevotella bryantii 25A in 1 
L of anaerobic diluent (days 1 to 4) just prior to the first meal with the added com at 0800 h. 
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Control cows received 1 L of anaerobic diluent solution (Bryant and Burkey, 1953). The day 
before microbial dosing (day 0) was designated as the pre-dosing period. The next four days 
were the treatment period. With days after dosing designated as post-dosing (day five, day 10, 
and day 15). Measurements were taken from day 0 to day 15. Rumen fluid samples were 
taken 4 h after the second meal at 1400 h, for the analysis of volatile fatty acids, lactate, and 
pH. Milk yields were obtained daily for further analysis. 
Microbial Inoculant 
Prevotella bryantii 25A was obtained from the rumen bacteria collection of the 
National Animal Diseases Center, USDA (Ames, IA). Isolation and identification of P. 
bryantii 25A were previously described (Rodriguez et al., 2000). Anaerobic techniques for 
the preparation and use of media were previously described (Rodriguez et al., 2000) and 
carried out according to Bryant's techniques (1972). P. bryantii 25A was cultured at 37 °C in 
broth containing 0.3% cracked com and 20% (v/v) ruminai fluid. One liter cultures of P. 
bryantii 25A (1 x lO'cfu/ml), after incubation for 9 to 10 h, were directly inoculated into the 
rumen of each treated animal through the rumen fistula. 
Gas-Liquid Chromatography (GLC) 
Analysis of volatile fatty acids and lactate were performed on a Hewlett-Packard 5890 
gas chromatograph (flame ionization detection) using a HP-5 10 m x 0.53 mm x 2.65 pm 
film thickness (5% phenol method silicone). The ultra phase column was operated in split 
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mode (20:1) under temperature-programmed conditions. Temperature programming and 
analysis of butyl esters were similar to those described by Salanitro and Muirhead (1975). 
Statistics 
Means were compared by analysis of variance (ANOVA) using Mi ni tab version 11 
(State College, PA). The degree of significance between controls and treatments was 
compared using the F-test (P < 0.05). Sources in the model included treatment (with and 
without dosing strain 25A), and treatment x time. The standard error of the mean (SEM) was 
computed for each analysis. 
RESULTS 
Ruminai pH and Lactic Acid 
Ruminai pH of treated and controls animals were similar at day 0 (pre-dosing), 5.8 ± 
0.1, respectively. Ruminai pH of both groups was unchanged before com was increased to 
0.9kg/day on day 1 (Figure 4.1). The rumen pH values of treated animals were higher, above 
6.0, when compared to control cows (P < 0.05) during the period when com in the diet was 
increased. The pH values in control animals remained below 6.0 after com in the diet was 
increased (Figure 4.1). 
Mean of ruminai lactic acid concentration in both groups of cows was below 2 mM at 
day 0. However, daily lactic acid concentrations in control animals was higher, by 57% to 
99% than in treated cows given P. bryantii 25A; during the five days that com was increased 
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in the diet (Figure 4.2). Although, the mean of lactate concentrations in these control 
animals remained below 5.5 mM (± 3.46 SD) during the five days period when com was 
added to the diet, cows showed sporadic or daily episodes of elevated lactate accumulation (5 
to 9.6 mM). One control cow (C3) accumulated ruminai lactate up to 9.6 mM on day I when 
com was added to the diet, and remained over 5 mM during the entire experimental period 
(Figure 4.3). Controls cows CI and C2 experienced increases of ruminai lactate around 6 mM 
during sampling days 4 and 5 but their pH never fell below 6.0. Control cow C4 showed an 
accumulation of ruminai lactate to 7.61 mM and 5.5 mM on sampling days 2 and 4, 
respectively. During day 2, the ruminai pH of this animal decreased to 5.65. 
In cows inoculated with P. bryantii 25A, the average ruminai lactate accumulation 
was less than 0.5 mM during the five days when com was added to the diet, and only cow T3 
showed elevated levels of ruminai lactic acid (4 mM) on sampling days 4 and 5. Even though 
ruminai lactic acid rose, rumen pH did not fall below 6.0 in this animal. The mean ruminai 
lactic acid concentration, 6 mM, was higher (P < 0.05) in treated cows (post-dosing) 
compared with control group, 2.5 mM, on sampling day 10. Ruminai lactic acid 
concentration for treated cows Tl, and T5 increased up to 10 mM on sampling day 10, and 
remained above 6 mM on day 15. 
Volatile Fatty Acids (VFAs) 
Concentrations of acetate, propionate, and succinate were significantly greater (P < 
0.01) only on the first day of treatment with P. bryantii 25A when compared with control 
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animals (Table 4.2). In treated animals, the molar concentration of acetate was higher than in 
the controls before the start of dosing with P. bryantii 25A. No differences were observed 
for isovalerate, isobutyrate, and valerate concentrations between controlled and treated 
animals (data not shown). The proportion of ruminai acetate was higher at day 0 (pre-dosing) 
and day 1 (dosing) in both groups as compared to the other sampling days. The highest 
ruminai concentration of succinate was observed in both treated and control cows at 15 d 
(post-dosing). Butyrate concentration was similar in both groups and remained unchanged 
overtime. 
Milk Production 
Mean daily milk yield was not affected (P > 0.1) in cows treated with P. bryantii 25A 
and averaged 15.46 ± l.72Kg. Mean and standard deviation milk yield in control animals 
were 15.28 ± 3.54Kg, respectively (Figure 4.4). 
DISCUSSION 
Investigators have demonstrated that ionophore antibiotics or other microbial-fed 
additives can contribute to a favorable rumen environment in vivo and in vitro (Agarwal el 
al., 2002; Beauchemin et al., 1995; Cook et al., 1977; Dawson et al., 1990; Durand-
Chaucheyras et al., 1998; Ghorbani et al., 2002; Kung, 2001; Kung and Hession, 1995; 
Miller-Webster et al., 2002; Montafio et al., 1999; Nagaraja et al., 1985; Nagaraja et al., 
1997; Newbold et al., 1991; Newbold et al., 1996; Robinson et al., 1992; Rode et al., 1999; 
95 
Swinney-Floyd et al., 1999; Williams et al., 1991; Wiryawan and Brooker, 1995; Wohlt et 
al., 1991; Yang et al., 1999). In this study we demonstrate that dosing lactating dairy cattle 
with the amylolytic strain 25A of P. bryantii significantly reduced ruminai lactate 
accumulation and increased ruminai pH over a period of time when corn consumption was 
dramatically increased. Control animals, not fed strain 25A, experienced repetitive episodes 
of lactate accumulation (>5 mM) over the same period. We believe that P. bryantii 25A 
directed starch fermentation away from lactate formation in inoculated animals by competing 
for substrate with the lactic acid-producing bacteria present in the rumen (Allison, 1976; 
Rodriguez et al., 2002). 
Although, we previously observed that P. bryantii 25A improved succinate and 
propionate accumulation in in vitro ruminai fermentation models and in a model of acute 
acidosis in goats (Rodriguez et al., 2000; Rodriguez et al., 2002), we did not observe a 
significant effect on the profile of volatile fatty acids (VFA) in the inoculated cows in this 
study. Furthermore, after a one-week period following the final inoculation, lactating cows 
treated with P. bryantii 25A showed ruminai lactate accumulation over 5 mM indicating that 
protection was not long lasting. 
We expect that the rumen of lactating cows contains a consortium of microorganisms 
involved in starch fermentation that are already adapted to ruminai conditions and that 
competition for ecological niches is high. It is possible that the concentration of our 
inoculum (10* cfu/ml) was insufficient to create a persistent population of P. bryantii which 
could out compete native amylolytic species. Difficulties in the establishment of a stable 
population of introduced rumen bacteria have been previously reported (Krause et al., 2001). 
96 
This might be influenced by animal maturity and diet, and also the level of adaptation of the 
already established native microbiota (Weimer, 1998). It is also possible that predatory 
activity by rumen protozoa could have a significant effect on the introduced bacteria 
(Coleman and Stanford, 1979; Newbold and tollman, 1990; Sharp et al., 1994). Long term 
exposure to low pH environments would also select rumen microbes (native or foreign), and 
define the outcome of bacterial competition (Allison, 1976; Russell and Wilson, 1996); even 
strains like P. bryantii which are acid-resistant ruminai bacteria (Russell and Wilson, 1996). 
It is thought that during sub-clinical acidosis, rumen pH ranges from 5.8 to 5.5 or 
lower and ruminai lactate concentration rarely exceeds 5 mM (Donovan, 1997; Goad et al., 
1998; Oetzel et al., 1999; Plourd, 1999). Goad et al. (1998) have induced sub-acute acidosis 
in steers and measured a ruminai pH ranging from 5.5 to 5.0 with lactate concentrations less 
than 5 mM. Although several cows in our control group experienced recurring episodes of 
ruminai lactate accumulating at concentrations up to 10 mM during the period when com was 
added to the diet, ruminai pH never decreased below 5.8, and VFA production showed only 
minor changes. It is probable that in previous reports of sub-acute acidosis (Goad et al., 
1998; Horn et al., 1979; Oetzel et al., 1999), an increase of VF As rather than lactate 
accumulation contributed to the ruminai pH decline whereas in our study, lactate 
accumulation seemed to be the predominate factor. 
Although, it is possible that a more significant decrease in the ruminai pH might have 
occurred at a different time, our preliminary investigations (data not shown) demonstrated 
that the lowest pH values and highest ruminai lactate concentrations occurred four hours after 
the second feeding of each day in these animals. Authors have reported a wide range of 
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ruminai pH thresholds in studies utilizing a variety of direct-fed microorganisms (Nocek et 
al., 2002; Williams et al., 1991; Yang et al., 1999). In general, cows consuming rapidly-
digestible carbohydrates in a total mixed ration (TMR) can experience large fluctuations in 
ruminai pH (Fulton et al., 1979a; Fulton et al., 1979b; Garret et al., 1999). 
On the other hand, research indicates that ruminai lactate production and subsequent 
utilization is a predominant pathway observed in animals where lactate accumulates (Mackie 
and Gilchrist, 1979). Goad et al. (1998) observed no resistance to subacute acidosis as a 
result of greater numbers of lactic acid-utilizing bacteria. In our study ruminai butyrate 
concentration was not affected. This would suggest that in these animals, activity by lactic 
acid-utilizing bacteria was not important and their contribution to ruminai lactate 
fermentation was minimal. 
Dosing lactating cows with the amylolytic bacterium Prevotella bryantii 25A did not 
improve milk production; however, it did drive starch fermentation away from lactate 
accumulation and stabilized the rumen pH above 6.0. These results suggest that early 
adaptation of lactating cows to high starch diets could be improved by administering 
Prevotella bryantii 25 A alone or in combination with other rumen bacteria. 
REFERENCES 
Agarwal, N., D. N. Kamra, L. C. Chaudhary, I. Agarwal, A. Sahoo, and N. N. Pathak. 2002. 
Microbial status and rumen enzyme profile of crossbred calves fed on different 
microbial feed additives. Lett. Appl. Microbiol. 34:329-336. 
Allison, M. J. 1976. Population control in the rumen and microbial adaptation to dietary 
change, p. 10-18. In M. S. Weinberg and A. L. Sheffner (ed.). Buffers in Ruminant 
Physiology and Metabolism. Church and Dwight Company, Inc., New York, NY. 
Beauchemin, K. A., L. M. Rode, and V. J. H. Sewalt. 1995. Fibrolytic enzymes increase fiber 
digestibility and growth rate of steers fed dry forages. Can. J. Anim. Sci. 75:641-644. 
Bryant, M. P. 1972. Commentary on the Hungate technique for culture of anaerobic bacteria. 
Am. J. Clin. Nutr. 25:1324-1328. 
Bryant, M P., and L. A. Burkey. 1953. Cultural methods and some characteristics of some of 
the numerous groups of bacteria in the bovine rumen. J. Dairy. Sci. 36:205-217. 
Coleman, G. S., and D. C. Sandford. 1979. The engulfment and digestion of mixed rumen 
bacterial species by single and mixed species of rumen ciliate protozoa grown in vivo. 
J. Agric. Sci. 92:729-742. 
Cook, M. K., J. H. Cooley, J. D. Edens, D. D. Goetsch, N. K. Das, and T. L Huber. 1977. 
Effect of ruminai lactic acid-utilizing bacteria on adaptation of cattle to high-energy 
rations. Am. J. Vet. Res. 38:1015-1017. 
Dawson, K. A., K. E. Newman, and J. A. Boling. 1990. Effects of microbial supplements 
containing yeast and lactobacilli on roughage-fed ruminai microbial activities. J. 
Anim. Sci. 68:3392-3398. 
Dawson, K. A., M. A. Rasmussen, and M. J. Allison. 1997. Digestive disorders and 
nutritional toxicity, p. 633. In P. N. Hobson and C. S. Stewart (ed.). The rumen 
microbial ecosystem. Chapman & Hall, London. 
Donovan, J. 1997. Subacute acidosis is costing us millions. Hoard's Dairyman 142:666. 
Durand-Chaucheyras, F., G. Fonty, G. Benin, M. Theveniot, and P. Gouet. 1998. Fate of 
Levucell SC 1-1077 yeast additive during digestive transit in lambs. Reprod. Nutr. 
Dev. 38:275-278. 
Fulton, W. R., T. J. Klopfenstein, and R. A. Britton. 1979a. Adaptation to high-concentrate 
diets by beef cattle. I. Adaptation to com and wheat diets. J. Anim. Sci. 49:775-784. 
Fulton, W. R., T. J. Klopfenstein, and R. A. Britton. 1979b. Adaptation to high-concentrate 
diets by beef cattle. II. Effect of ruminai pH altering on rumen fermentation and 
voluntary intake of wheat diets. J. Anim. Sci. 49:785-789. 
Garrett, E. F., M. N. Pereira, K. V. Nordlund, L. E. Armentano, W. J. Goodger, and G. R. 
Oetzel. 1999. Diagnostic methods for the detection of subacute ruminai acidosis in 
dairy cows. J. Dairy Sci. 82:1170-1178. 
Ghorbani, G. R., D. P. Morgavi, K. A. Beauchemin, and J. A. Leedle. 2002. Effects of 
bacterial direct-fed microbials on ruminai fermentation, blood variables, and the 
microbial populations of feedlot cattle. J. Anim. Sci. 80:1977-1985. 
100 
Goad, D. W., C. L. Goad, and T. G. Nagaraja. 1998. Ruminai microbial and fermentative 
changes associated with experimentally induced subacute acidosis in steers. J. Anim. 
Sci. 76:234-241. 
Harmon, D. L., R. A. Britton, R. L Prior, and R. A. Stock. 1985. Net portal absortion of 
lactate and volatile fatty acids in steers experiencing glucose-induced acidosis or fed 
70% concentrate diet ad libitum. J. Anim. Sci. 60:560-569. 
Horn, G. W„ J. L. Gordon, E. C. Prigge, and F. N. Owens. 1979. Dietary buffers and ruminai 
and blood parameters of subclinical lactic acidosis in steers. J. Anim. Sci. 48:683-691. 
Krause, D. O., R. J. Bunch, L. L Conian, P. M. Kennedy, W. J. Smith, R. I. Mackie, and C. 
S. McSweeney. 2001. Repeated ruminai dosing of Ruminococcus spp. does not result 
in persistence, but changes in other microbial populations occur that can be measured 
with quantitative 16S-rRNA-based probes. Microbiology 147:1719-1729. 
Kung, L. J. 2001. Direct-fed microbials for dairy cows. Presented at the Proc. 12th Annual 
Florida Ruminant Nutrition Symposium, Gainesville, FL. 
Kung, L. J., and A. O. Hession. 1995. Preventing in vitro lactate accumulation in ruminai 
fermentations by inoculation with Megasphaera elsdenii. J. Anim. Sci. 73:250-256. 
Mackie, R. L, and F. M C. Gilchrist. 1979. Changes in lactate-producing and lactate-utilizing 
bacteria in relation to pH in the rumen of sheep during stepwise adaptation to a high-
concentrate diet. Appl. Environ. Microbiol. 38:422-430. 
Miller-Webster, T., W. H. Hoover, M Holt, and J. E. Nocek. 2002. Influence of yeast culture 
on ruminai microbial metabolism in continuous culture. J. Dairy Sci. 85:2009-20014. 
Montafio, M F., W.Chai, T. E. Zinn-Ware, and R. A. Zinn. 1999. Influence of malic acid 
supplementation on ruminai pH, lactc acid utilization, and digestive function in steers 
fed high-concentrate finishing diets. J. Anim. Sci. 77:780-784. 
Nagaraja, T. G., T. B. Avery, S. J. Galitzer, and D. L. Harmon. 1985. Effect of ionophore 
antibiotics on experimentally induced lactic acidosis in cattle. Am. J. Vet Res. 
46:2444-2452. 
Nagaraja, T. G., C. J. Newbold, C. J. Van Nevel, and D. I. Demeyer. 1997. Manipulation of 
ruminai fermentation, p. 523. In P. N. Hobson and C. S. Stewart (ed.), The rumen 
microbial ecosystem. Chapman & Hall, London. 
Newbold, C. J., R. Brock, and R. J. Wallace. 1991. Influence of autoclaved or irradiated 
Aspergillus oryzae fermentation extract on fermentation in the rumen simulation 
technique (Rusitec). J. Agric. Sci. 116:159-162. 
Newbold, C. J., and K. Hillman. 1990. The effect of ciliate protozoa on the turnover of 
bacterial and fungal protein in the rumen of sheep. Lett. Appl. Microbiol. 11:100-102. 
Newbold, C. J., R. J. Wallace, and F. M Mcintosh. 1996. Mode of action of the yeast 
Saecharomyces cerevisiae as a feed additive for ruminants. Br. J. Nutr. 76:249-261. 
Nocek, J. E., J. G. Allman, and W. P. Kautz. 2002. Evaluation of an indwelling ruminai 
probe methodology and effect of grain level on diurnal pH variation in dairy cattle. J. 
Dairy. Sci. 85:422-428. 
Oetzel, G. R., K. V. Nordlund, and E. F. Garret. 1999. Effect of ruminai pH and stage 
lactation on ruminai lactate concentrations in dairy cows. J. Dairy. Sci. 82:38. 
Owens, F. N., D. S. Secrist, W. J. Hill, and D. R. Gill. 1998. Acidosis in cattle: a review. J. 
Anim. Sci. 76:275-286. 
Plourd, R. F. 1999. Acidosis. Dairy Herd Management p. 39-42. 
Robinson, J. A., W. J. Smolenski, R. C. Greening, M L. Ogilvie, R. L. Bell, K. Barsuhn, and 
J. P. Peters. 1992. Prevention of acute acidosis and enhancement of feed intake in the 
bovine by Megasphaera elsdenii 407A. J. Anim. Sci. 70:682. 
Rode, L. M., W. Z Yang, and K. A. Beauchemin. 1999. Fibrolytic enzyme supplements for 
dairy cows in early lactation. J. Dairy. Sci. 82:2121-2126. 
Rodriguez, F., M A. Rasmussen, and M. J. Allison. 2000. Amylolactic bacteria that prevent 
lactate accumulation during in vitro ruminai fermentations. Proc. 25* Biennial Conf. 
on Rumen Function. Chicago, Illinois, p 15. (Abstract) 
Rodriguez, F., M A. Rasmussen, and M. J. Allison. 2002. Control of lactate accumulation in 
a goat acidosis model using Prevotella bryantii. Proc. 102nd American Society for 
Microbiology. Salt Lake City, Utah. (Poster Z-19) 
Russell, J. B., and D. B. Wilson. 1996. Why are ruminai cellulolytic bacteria unable to digest 
cellulose at Low pH? J. Dairy Sci. 79:1503-1509. 
Salanitro, J. P., and P. A. Muirhead. 1975. Quantitative method for the gas chromatographic 
analysis of short-chain monocarboxylic and dicarboxylic acids in fermentation media. 
Appl. Microbiol. 29:374-381. 
Sharp, R., G. P. Hazlewood, H. J. Gilbert, and A. G. Odonnell. 1994. Unmodified and 
recombinant strains of Lactobacillus plantarum are rapidly lost from the rumen by 
protozoal prédation. J. Appl. Bacterid. 76:110-117. 
Swinney-Floyd, D., B. A. Gardner, T. Rehberger, and T. Parrot. 1999. Effects of inoculation 
with either Propionibacterium strain P-63 alone or combined with Lactobacillus 
acidophilus strain: LZ 53545 on performance of feedlot cattle. J. Anim. Sci. 77:77. 
Weimer, P. J. 1998. Manipulating ruminai fermentation: a microbial ecological perspective. 
J. Anim. Sci. 76:3114-3122. 
Williams, P. E., C. A. Tait, G. M. bines, and C. J. Newbold. 1991. Effects of the inclusion of 
yeast culture (Saccharomyces cerevisiae plus growth medium) in the diet of dairy 
cows on milk yield and forage degradation and fermentation patterns in the rumen of 
steers. J. Anim. Sci. 69:3016-3026. 
Wiryawan, K. G., and J. D. Brooker. 1995. Probiotic control of lactate accumulation in 
acutely grain-fed sheep. Aust. J. Agri. Res. 46:1555-1568. 
104 
Wohlt, J. E„ A. D. Finkelstein, and C. H. Chung. 1991. Yeast culture to improve intake, 
nutrient digestibility, and performance by dairy cattle during early lactation. J. Dairy. 
Sci. 74:1395-1400. 
Yang, W. Z, K. A. Beauchemin, and L. M. Rode. 1999. Effects of an enzyme feed additive 
on extent of digestion and milk production of lactating diary cows. J. Dairy. Sci. 
82:391-403. 
105 
Table 4.1. Ingredient and chemical composition of the total mixed diet (TMR). after com 
increased 
Composition % DM Basis 
Ingredient 
Alfalfa hay 13.83 
Grass hay 6.91 
Com silage 22.17 
Cracked com 29.04 
Soy plus 9.84 
Soybean meal 7.34 
Beet pulp 6.06 
Molasses 3.06 
Calcium carbonate 0.42 
Dicalcium phosphate 0.42 
Magnesium oxide 0.36 
TM salt 0.18 
Vitamin mix 0.36 
Chemical 
CP, % 18 
NDF, % 30.3 
ADF, % 19.0 
TDN, 72% 72 
Ca, % 0.9 
P. % 0.4 
Ether extract, % 3.3 
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Table 4.2. Organic acid concentration (mM) in cows inoculated 
with Prevotella bryantii 25A 
Sampling 
time, days Acetate Propionate Succinate Butyrate 
0 25A 85.6* 25.1 0.8 16.8 
Control 76.9 22.1 0.8 16.3 
SEM 3.5 2.7 0.0 1.5 
1 25A 85.7* 27.1* 0.8* 16.5 
Control 72.2(*) 20.6 0.7 14.7 
SEM 6.5 3.5 0.1 1.4 
2 25A 68.9(*) 20.5 0.7(*) 13.5 
Control 74.0 21.4 0.7 15.4 
SEM 1.8 1.5 0.0 0.6 
3 25A 73.2(*) 20.8 0.7(*) 14.0 
Control 69.4(*) 19.5 0.8 14.5 
SEM 3.0 1.6 0.1 0.8 
4 25A 72.4(*) 21.4 0.8 15.9 
Control 71.1 21.9 0.8 15.6 
SEM 2.8 1.3 0.0 0.4 
5 25A 73.3(*) 20.9 0.8 16.2 
Control 73.5 23.0 0.8 16.7 
SEM 2.1 0.9 0.0 1.1 
10 25A 58.1(*) 14.9(*) 0.6(*) 14.4 
Control 79.1 24.4 0.9 15.8 
SEM 4.1 1.6 0.1 0.5 
15 25A 78.1(*) 23.0 0.9(*) 18.0 
Control 80.9(*) 24.2 0.9 16.0 
SEM 2.8 0.9 0.0 0.7 
•Different from control, P < 0.05 
(*) Different from 0 day time, P < 0.05 
S EM, Pooled standard error of the mean 
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Figure 4.1. Ruminai pH of cows inoculated with P. bryantii 25A 
The data were averaged from five animals for each treatment. 
•Significant (P < 0.05). Veitical bars on each point represent ± SE. 
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Time (days) 
Figure 4.2. Effect of dosing cows with Prevotella bryantii 25A on lactate concentration 
The data were averaged from five animals for each treatment. 
•Significant (P < 0.05) Vertical bars on each point represent ± SE. 
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Figure 43. Individual effects of dosing cows with Prevotella bryantii 25A on lactate 
concentration. 
Dotted line, animals treated with 25A; solid line, untreated controls. 
C = control, T = treated with 25A. 
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Figure 4.4. Milk production for Holstein cows dosed with Prevotella bryantii 25A. 
The data were averaged from five animals for each treatment. 
The error bar defines the variation. 
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CHAPTERS. 
GENERAL CONCLUSIONS 
Conditions that select for high ruminai concentrations of lactic acid-producing 
bacteria often occur when ruminants are abruptly shifted from forage diets to diets that 
contain grain or other sources of readily fermented carbohydrate. This lactate fermentation 
reduces ruminai pH, perturbs the normal rumen microbiota, and endangers animal health. 
Our results supported the hypothesis that amylolytic volatile acid-producing organisms 
compete with lactate-producing bacteria for substrate and prevent the accumulation of lactate 
and the decrease of ruminai pH. 
This volatile acid-producing bacterium appeared to be a Prevotella bryantii-\ike 
strain. Prevotella bryantii 25A was found to have both the ability to reduce lactate 
accumulation in an acute acidosis model in goats, and also the capacity to favor succinate and 
propionate production. 
Ruminai supplementation with P. bryantii 25A prevented a decrease in ruminai pH 
and ruminai lactate accumulation in lactating cows which were subjected to experimental 
subacute acidosis. Enhancement of species that are able to compete with lactic acid-
producing bacteria for starch requires a novel approach. This approach mimics rumen 
conditions when an animal is successfully adapted to high concentrate diets. Inoculation of 
P. bryantii 25A, alone or in combination with other rumen microbes can help prevent lactate 
accumulation when starch overfeeding has occurred during the abrupt changes from high-
fiber diet to high-concentrate diets. 
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Recommendations for Future Research 
The studies conducted here open a new perspective into the possible development of 
ruminai microbial feed additives that alter the competitive balance of the microbial species 
involved in starch utilization. Inoculation of Prevotella bryantii 25A into in vitro ruminai 
fermentations, and into animals with experimental acidosis demonstrated that the mixed 
ruminai fermentation can be altered. The fermentation profile can be shifted away from 
lactate accumulation and in favor of a higher pH. With these findings, we suggest that 
applications to prevent rumen acidosis might include adding starch-utilizing bacteria that 
would compete for substrate with lactate-producing species. P. bryantii could be 
administered to animals upon arrival at the feedlot or to high producing dairy cows. For 
lactating cows Prevotella bryantii would need to be administrated during the early adaptation 
phase prior to calving in order to promote a rapid adaptation of the inoculated microbe. 
The physiological characteristics that P. bryantii possesses include: acid tolerance, 
rapid growth, and versatile substrate utilization. These characteristics make it a promising 
microbe to compete with the lactic acid-producing bacteria that cause rumen acidosis. Its 
activity could be complemented by the use of additional rumen microbes, perhaps ones with 
an ability to metabolize lactic acid. 
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